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aAbstract

This paper examines the management of spares acquisi-
tion and logistics support activities for the Air Launched
Cruise Missile (ALCM) engine. A SIMSCRIPT 11.5 simulation
model of the ALCM system is developed and the probable
ranges of five relevant factors (transportation time, main-
tenance duration, engine failure rate, test duration and
test loss rate) are determined. The model is manipulated
using a factorial design with the five factors at the ex-
tremes of their ranges. An ANOVA is used to determine if
changes in these five factors significantly impact the oper-
ational capability of the ALCM engine. This capability is
expressed as the average number of days an engine must be
used as an operational asset past the manufacturer’s war-
ranty period without an overhaul. The ANOVA indicated that
changes in transportation time and maintenance duration had
a significant effect on the operational capability of the
ALCM engine and thus required further investigation to re-
fine their range of values.

The model’s operation, verification, input requirements
and output capabilities were documented so that the mode!
could be used as a management tool when validation is com—-

pleted. This documentation will give other modelers the

vii
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depth of understanding necessary to adapt the model to their
particular use. The model was designed with the flexibility
necessary to modify the assumptions and limitations built
into it so the model could "grow®” as the ALCM system
evolves.

ALCM engine managers should eventually be able to use
the model to test the effects (on a number of variables of
interest) of changes in maintenance policies and timing.
The model! should easily be adaptable to reflect the environ-
ment of the Ground Launched Cruise Missile and the Submarine
Launched Cruise Missile systems. 1t could then be used to
estimate the number of spare engines required in these
systems to meet various engine capability levels and other

management goals.
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A SIMULATION MODEL FOR
AIR LAUNCHED CRUISE MISSILE ENGINE MANAGEMENT

I. Introduction and Background

General Issue

The management of spares acquisition and logistics sup-
port efforts is a very important part of the procurement and
future viability of any weapon system. Acquisition and
support decisions significantly impact both system costs and
weapon system capabilities. Acquisition costs have increased
to the extent that repairable spares contracts frequently
involve many millions of dollars. These high costs make it
imperative to determine a total system support concept that
provides the required system capabilities while contirolling
spares acquisition costs. However, modern weapon systems
are becoming more and more complicated, making the develop-
ment of a viable support concept more difficult. A greater
understanding of the system’s operational environment and
maintenance requirements is needed as system complexity
increases.

The Air Launched Cruise Missile (ALCM) is one of a
family of three similar missiles that are currently (or soon

will be) employed by all three branches of the armed ser-

vices. Like most weapon systems, many of the ALCM’s parts
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é; can be repaired if broken and require routine servicing at

%S specified time intervals. During the time these parts are

5;: being repaired, spare parts must be available to replace

;g them to Keep the number of deployed missiles at a specified

iﬁ level. For major repairable spare parts, such as the engine

E;. assemblies that this paper considers, it is important to

E; find out how many spares will be required over the life of )
:ﬁ the system before the original production line is closed 4
E¢E down. This is the life-of-type procurement strategy for

ﬁ? special item procurements as authorized by Air Force

%; Logistics Command (AFLC) regulations ¢ 1:1-3), I1f too few

§£ engines are procured, the number of operational missiles

= will C(at some point) fall below the specified level or the

S production line will have to be opened up again <(at con-

5i siderable expense) to produce more spares. 1§ too many

E; engines are procured, large amounts of money will have to be

:f spent unnecessarily. Effective and economic system support,

;; including the storage, distribution and maintenance of these

132 spare engines is just as critical as the correct number of

Qh spares in providing the required system capabilities. Thus

na the effects of engine failure rates, maintenance duration ]
-;E and frequency, transportation time, and testing requirements )
= on system capabilities must be considered as well as the

;2 number of spares.

i

ﬁ The responsibilities for managing acquisition programs

‘E are directed by Air Force Regulation 888-2, Acquisition

:ﬁ Program Management <( 5., The weapon system acquisition
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~ process is managed through a Systems Program Office (SPO)
i
e and guided by a Program Management Plan (PMP) . A SPO has
A
{2 latitude in developing an effective plan for the particular
;ﬁ system.
X A program manager involved in production planning
is frequently faced with a high degree of uncer-
= tainty surrounding both the timing and the quan-
>t tity of the requirements for his particular system
ij or subsystem. . . . It is advantageous for the
a program manager to consider a wide range of feas-
o ible alternatives in order to structure a produc-
< tion plan adaptable to changing condi tions
- (4:30) .
E: Current methods used to determine the quantity of spares
< to purchase for a weapon system during acquisition are
jﬁ governed by Department of Defense Instruction (DODI) 4140.42
_? « &. This instruction encourages the use of operational
-
demand data as the primary source of input to determine the
f level of spares required. DODI 41498.42 "allows for sparing
~§ of essential items that do not meet the demand criteria
2’
\ -
y (and>. . . sparing by alternative computational techniques
ff which minimize system downtime (14:14)." But providing for
E alternatives does not create valid techniques. *The major
; criticism in the inventory/supply area for military appli-
-f cation is the lack of attention to objectives that emphasize
P
:ﬁ weapon systems availability and capability ¢ 7:13).* But a
% cdﬁprehensive spares management methodology for the ALCM
?E engine program does not exist. One of the major difficul-
;ﬁ ties in devising a methodology that considers weapon system
6 availability, along with engine requirements, is the lack of
:,N‘
ﬁ. demand data. Since this is the initial deployment of the
>
< 3

4




ALCM, a data base has not been established. The models

developed for DOD use a demand data base for requirements
determination, and are not suited for this problem.

Thus one sees that the current analytical methods used
to forecast demand for repairable spares and to determine
the impact of different support concepts do not apply
directly to the ALCM engine system. The complexity and
multiplicity of factors bearing on the problem make it
difficult enough to even conceptualize the system, much less
to apply mathematically tractable analytical techniques to
it. As Emory says,

e « « there are many processes for which there is
no analytical solution, or at least not one at-
tainable at a reasonable cost. Often the pro-
cesses are so complex as to defy analytical s0—-
lution with the present state of the art. It is
in these cases that simuiation has the advantage
(8:35%5) .

For these reasons a simulation model will be used to examine

the logistics requirements for the ALCM engine.

A simulation model! can be used to assist the manager in

examining and understanding the system under study and in
= determining the significant relationships which should be !
Eéi included in planning for overall system support. A mode!
EE% provides a cost effective means of considering numerous
ng feasible alternatives to complex acquisition and logistics
?;f management situations (17:11). Models record the important
?;; elements of a system, providing the manager with a tool! with
%ff which to objectively view the parts and their interactions.
SEN
2
- 4
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A model aids the basic decision process and helps a manager
determine the spares level and support requirements to use.

Drezner and Hillestad in their report titled “Logistics
Models: Evolution and Future Trends" state:

There should be more effective use of good support

models in the ongoing management of logistics. We

must move from the bean counting approach of cur-

rent readiness reporting to using modeis to pre-

dict force capability to go to war ( 7:20).
Even if there is no past demand data with which to work, a
simulation model can be a good tool in understanding future
system requirements, if the model is a good representation
of the actual system. A limit to the capabilities of simu-
lation is expressed by Emory :

We can not identify the optimal answer to this

problem with a simulation. However, if we rerun

the simulation a number of times with different

« o o strategies, we can identify the best of the

strategies that we test ( 8:340).
The value of this tool depends on the validity of the as-
sumptions made about the system and how accurately the model

has captured the important relationships between the deter-

mining variables in the system.

Specific Problem

The Air Launched Cruise Missile (ALCM) is now being
deployed as an operational missile at various bases. ALCM
system managers need information of the effects on ALCM
operational! capabilities of 1) the number of spare engines

procured 2) maintenance and testing policies 3) engine

Y Lt e e
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failure rates and 4) transportation times. A need exists

MO

for a model that will estimate the effects on ALCM opera-
tional capabilities of the number of spare engines procured
and the logistics policies used to manage them. The model
must be documented as to its assumptions and the signifi-
cance of its output. Information as to which parameters
could be adjusted to reflect more current information must
be incorporated in this documentation. As Shannon states:
No simulation project can be considered success-
fully completed until it has been accepted, under-
stood, and used. e « «» Careful and complete
documentation of the development and operation of
the model can greatly increase its useful life and
chances of successful implementation (17:32-33).
The model must reflect the random nature of many of the
factors from which it will be derived, and validity must be
established for its proposed application. Documentation
and wvalidation will provide information on how management
should treat the model’s output (how management might best

use the information the model develops? and the confidence

management should have in this output.

System Overview

Figure 1 is a diagram of the ALCM system showing the

major factors that impact system support requirements for

spare engines. Spare engQines are required to €ill the
transportation pipeline of repaired engines between the

) depot and operating base, broken engines being shipped

to the depot, and those engines being shipped for periodic
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depot maintenance (21:14,20). Spare engines are also re-
quired during the time the engines are undergoing depot
maintenance or planned modifications, Finally, every new
weapon system undergoes acceptance and improvement tests for
many years after initial deployment (20). These tests are
usually run on systems or components which are part of
operational stocks. For the ALCM, engines at operational
bases are selected for testing, transported to the test
location, and then undergo one of several performance tests.
One of these tests will require a spare engine to replace
the test engine taken from the operating base.

The MWilliams International plant manufactures ALCM
engines and provides these engines to the Boeing facility
where they are mated with airframes, the production process
is completed, and the missile shipped to the operating base.
In addition to these engines, Williams will provide a speci-
fied number of spare engines to be used in the ALCM system.
Williams will also perform primary depot level repair and
scheduled maintenance on the engines (which is time-phased).
Each engine is warranted for a certain time period after its
original date of manufacture and after each subsequent over-
haul. The extent of depot maintenance is determined by the
type of engine (F107-101 or F107-104) and the phase of
maintenance due (limited or full). After the first warranty
period has elapsed, the engine will be due a limited over-
haul. After the second warranty period, it will be due a

full overhaul, then the cycle repeats itself.

RSO L
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Refurbishment is another type of overhaul done at
Williams to return an engine used in testing to a service-
able condition. A final servicing category is the conver-
sion from thes F107-181 type engine currently being produced
to a F107-184 type to provide more power and extend the
engine’s warranted service life. This type-conversion will
take place from 1988 to 1992 at the Williams International
depot facility. The alternate engine repair and servicing
facility (depot), at OKlahoma City Air Logistics Center
(0CALCY), is scheduled to begin operations in 1989. This
facility will perform 1imited overhauls only.

The deployment bases are where the missiles are sche-
duled to be in operational use. Missiles will initially be
transported from the assembly plant at Boeing to the opera-
tional bases. Once a mis;ilo arrives on a base, it is used
as an operational asset: in storage, on alert, etc . The
engine‘’s warranted life (38 months for a F1087-181 or 40
months for a F107-104) begins when it is delivered to the
Boeing plant for missile assembly and ends 32 or 48 months
after this date. This warranted life is renewed upon com-
pletion of depot servicing and, again, ends 30 or 486 months
after this date. The engine will be removed from the mis-
sile for overhaul when its warranted life has expired and a
spare engine is available to replace it. If an earlier
requirement for an engine exists to smooth the depot work
flow, an engine may be removed before its warranted lifetime

has expired. Al though warranted for the length of time
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cited above, the engine may fail prematurely and require
replacement. All engines in which a failure is detected
will be removed from alert duty and replaced as soon as a
spare engine is available. Engines selected for testing
will also be removed when a spare is available. Complete
missiles selected for testing will not require a spare
engine, and will be returned to their respective bases after
refurbishment. Engines removed for failure or warrantee
expiration are sent back to the depot for overhaul, while
those removed for testing, along with selected test mis-
siles, are sent to the appropriate test facility.

The test types include: Engine Verification and Im-
provement Program (EVIP) - a non-destructive test on a re-
moved engine, Operational Test Launches (OTL) -~ a free
flight test of a complete missile with a planned midair
recapture (there is a possibility of the missile not being
recaptured and thus being destroyed in this test), and Joint
Test Assembly (JTA) - a free flight test of a complete
missile resulting in missile destruction. The OTL test
keeps a complete missile unavailable for the duration of the
test. The EVIP test Kkeeps only the missile’s engine un-
available for the duration of the test. After testing, each
engine or surviving missile is sent to the depot for refur-
bishment, and then redistributed as a spare engine or a
replacement missile. The exclusion of the Production
Assurance Test (performed on engines prior to their

assembly), will not affect the model’s validity. An excess

10
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of engines over airframes exists and will continue to exist,

s0 the test will not delay missile availability.

Research Objectives

W HaE X B B & e 2 ¢ A m_*_.~

The objectives of this research include 3 1> A thorough
review of the ALCM spare engine system to determine the

system’s relevant variables and their interrelationships, |

and the amount and type of variability in these relation-
ships. 2) Building a computer simulation model of the

system will then be developed to reflect these findings. 3

SEN S & & & & &

Experimenting with the model to assess the significance of
changes in these variables on the system’s operational capa-

bility. 4) Documenting the derivation, use, applicability

k and significance of the model’s output. ., & .Incorporating
flexibility into the model’s design to allow for changes
that will invariably occur with increased Knowledge of the
real system. This flexibility must also allow the assess-
ment of changes to system variables not addressed in this
research, and make the model adaptable to changes in manage-

ment perspective.

Research Question

A final objective of this research is to answer three

specific research questions: Do any of the selected vari-

cant effect on the ALCM engine operational capability when

11

‘1
n
ables (see factor variability pages 19-22) have a signifi- j
!
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iﬁ ' allowed to vary within their probable range of values?

Which of the variables are significant? What are the impli-

N cations of these findings? ALCM engine operational cap-
?3 ability is the overall probability of a given missile’s
';: engine successfully firing and operating as designed when a
o demand is placed on it. This capability assumes the system
»E; is able to maintain a specified <(classified) number of
:; operational missiles at all times. For this research, en- p
}:§ gine operational capability will be expressed in terms of
jg the average time (in days) that an engine’s operational life
?E (usage after manufacturing or depot servicing) exceeds its
EE warranted service life. This operational definition assumes
E% a decrease in the probability of firing when an engine
‘“I exceeds its warranted life. The particular relationship
i between engine life and probability of firing on demand is
:. not Known at this time. Due to the limited time and re-
J)' sources available for this research, this relationship wil)}
;: not be addressed in this paper, though this relationship
Eé would provide a great deal of useful information. This
;: paper will assume that management can use the stated measure
Eﬁ as a viable proxy for the overall probability of an engine
;% firing and operating successfully. -
ot
4
Limi tations and Scope
;3 Some factors exist in the ALCM system that will not be
:; examined in this model, therefore the model will be
= 12
2
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developed with the following assumptions. Exceeding the

engine’s warranted life increases the probability of an

engine not firing on demand. The engine’s warranted service

life and its probability of premature failure is independent

of the type service it sees (storage, alert duty, captive

flight, etc.), which is a reflection of the missile’s use.

The engine will never be used, run up or tested at base

level unless it is actually engaged against a target, and at

that time, is unrecoverable (28).

Once an engine is determined to be destined for de-

structive testing, it is considered out of the system at

that time. When a missile is selected for testing, all the

various test procedures will be considered as one factor.

Thus the model will not reflect the individual variables at

a tdst site, but will consolidate them into one variabl&,

the average time required to accomplish the test.
The same is true of the depot level maintenance func-

tion, the relevant factor in this model being the time an

engine spends in the depot, in total, not the actual process

it goes through while at the depot. Furthermore, all spare

engines, except those destructively tested, can be renewed

indefinitely ( with appropriate servicing to "as good as

new” condition). That is, once an engine is produced, it is

always a potential spare resource. In addition , each depot

is considered to have an unlimited servicing capacity (each
depot can service an unlimited number of engines at the same

time) (20 .

13

---------------------------------




This model will be designed, however, with the flexibil-
ity necessary to modify assumptions and limitations, and
insert newly discovered relevant variables or different
levels of factors, as management may see fit, at any time in
the future. Since "every model is based upon certain as-
- sumptions regarding an uncertain future which the model is
supposed to organize and eventually predict . . . (16:293°",
i.i the model must be able to be changed when the assumptions
change or are proved invalid.

The main thrust of this model will be to give management

a tool to both understand the ALCM system and to determine

14
d

the significance that changes in selected variables have on

L

LA
N
‘l{-‘- .,

B

.

system capabilities. Those variables found to have a signi-

ficant impact on system capabilities can be investigated in
depth to determine their actual range of variability. Con-

trol efforts can then be directed toward these factors,

reducing the emphasis placed on those which do not affect
system capabilities. This will allow managers to expend
their resources where they will be the most productive. In
addition, the model will be constructed to allow forecasts
of the monthly demand for spare engines, and monthly re-
qQuirements for the five types of depot servicing. It will
also be able to estimate the effects of various maintenance,
test, and transportation scenarios on system capability.
The model will have the flexibility to improve with age (and

better data) for increasingly accurate forecasts.

14
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}I. Methodologz

The methodology that will be used in this research is an
expansion of the Systems Science Paradigm as expressed by
Schoderbek, et al, which is an "application of the systems
approach to the study of real-world phenomena (14:295-304>".
The System Science Paradigm consists of three successive
phases: Conceptualization, Analysis and Measurement, and

Computerizaticrn.

Conceptualize the Problem

The first step will be the conceptualization of the

problem, defined by Schoderbek, et al. as

understanding and organizing the interactions

among the elements making up the phenomenon under

scrutiny into a logical network of relationships

in such a way as to reveal the direction of the

underlying structure (16:299).
The purpose of the system being modeled must be thoroughly
understood. Then the modeler can clearly state the objec-
tive of his or her study. The variables which interact
within the system, and between the system and its environ-
ment, must be examined. The model should include only those
independent variables determined to be relevant to the ac-
complishment of the stated objectives. The model should be

structured to permit the measurement of the dependent vari-

ables to determine whether or not the stated objectives have

been met (16).

.............
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TABLE 1

m

ENGINE PRODUCTION SCHEDULE
L YEAR _JAN FEWMM
1981 e
1982 22 24 28 32 40 40 40 0 40

1983 40 40 40 40 40 41 39 40 40 40 40 40
1984 40 47 47 26 35 27 28 27 28 22 28 27
1985 27 27 23 36 21 16 17 19 20 286 20 20

1286 20 20 21 26 1 © 6 ¢ o ©o ©o 9o, «
TABLE 11 <
MISSILE PRODUCTION
YEAR _JAN F Y

1981 e e e e e 8 0 0 e e 2 9
1982 ? ? 12 15 18 22 28 32 33 498 40 48
19863 48 40 40 40 40 40 40 40 48 40 37 37
1984 37 36 37 36 38 36 36 36 36 46 28 28 i
1985 28 28 28 28 27 27 27 27 27 27 20 20 i

1986 20 20 20 20 20 20 20 20 20 20 O O

Data Collection. The background information used to
describe the ALCM system as well as a detailed description
of wvariables in the system were provided by the Engine
Logistics Office of the Aeronautical Systems Division (ASD)
at Wright-Patterson AFB, Ohio (28). ASD provided a regular
engine production schedule for the Williams plant, which ]
began in June 1981 and extends through April 1986. This
schedule is depicted in Table I, which shows the number of
engines produced per month over this five year period. A
total of 1713 F187-181 engines will be produced during this
period. Table Il shows the missile production schedule.

This schedule depicts the number of complete missiles

,?'-n... l' . .
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(engine and airframe) assembled and deplioyed per month from
November 1981 to October 1986.

A decision was made in January of 1984 to procure 1135
spare F107-101 engines for the ALCM system. The spare
engines were produced at the Williams production facility
from January 1982 to December 1983 concurrently with the

regular engine production run.

TABLE I11

EVIP TEST SCHEDULE

Days past 1 January 1981

378 1311 1887 2463 3839 34687 4243 48379 35415
770 1347 1923 2499 3873 3723 4299 48735 35475
8106 1383 1939 2335 3111 3739 4335 4911 5320
8508 1419 1993 2371 3147 3795 4371 4947 5363
8906 1435 2031 2687 3183 383§ 4467 4983 54610
930 1491 2067 24643 3219 3847 4443 35019 S4635
970 1527 21063 2679 3255 3903 4479 5033 S700
10190 1363 2139 2715 3291 3939 4313 35091 35745
1658 1599 2173 2731 3363 3975 4331 5127 5796
1690 16305 2211 2787 3399 4011 4387 5143 3835
1095 1671 2247 2823 3471 4847 4623 3199
1131 1707 2283 2859 33067 4083 44659 5235
1167 1743 2319 2893 3543 4119 4693 5271
1203 1779 2355 2931 3579 4155 4731 5307
1239 18135 2391 2947 3415 4191 4767 35343

1275 1851 2427 3083 3651 4227 4803 3379

Tables 111 through V show representative schedules for
the various tests to be performed on engines and complete
missiles beginning in 1982 and continuing into 1996 (in
days past 1| January 1981). These tests will be conducted in
the year they are scheduled, though the specific dates will

vary.
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TABLE 1V

OTL TEST SCHEDULE
Days past ! January 1981

345 1365 1868 2318 2793 3233 36735 41350 4745
730 1410 1903 2335 28373 3275 3715 4195 4866
8e3 1453 1950 2408 2873 3315 3735 4248 4987
876 1500 1993 2445 2913 3335 3795 4285 3108
949 1343 2048 2498 2933 3393 3833 4338 3229
1822 1590 2083 2353 2993 3435 38735 4380 S350
1695 1637 21390 2J95 3035 3475 3913 4448 3471
1140 1688 2175 2437 3875 3315 3933 4500 35592
1185 1725 2208 2473 3115 3335 46135 4%s0 5713
1275 1776 2220 2713 3135 3393 4040 46286

1320 1815 2245 2778 319% 3435 4185 4480

TABLE V

Days past 1 January 1981

7360 1168 1642 2097 2676 3482 4128 48354 35588
803 1241 1690 2188 2797 33523 4249 4975
876 1314 1733 2279 2918 3644 4370 S894
949 1387 1824 2370 3839 3745 4491 5217
1822 1448 1915 2441 31480 3886 4412 5338

1895 1551 20046 2555 3281 4607 4733 3459

Table VI shows a proposed schedule (developed by the
authors) of engine type conversions (F187-181 to F187-184).
This is the modification of the original engine to the
upgraded version. This schedule is based on the attempt to
modify the maximum number of engines possible during their
regularly scheduled "full®" overhaul, given the constraints
of 380 modification Kits being available in 1988, 420 in

1989, 3510 in 19908, and 568 in 1991. This schedule is based

18
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on projected overhaul dates stemming from the engines’ ini-
tial production dates, but does not account for engine
failures earlier than the warranted time, nor for cycle
changes caused by engine testing. It attempts to minimize
conversions of limited overhauls in 1988-1989 that could be
converted during their scheduled full overhauls in 1996~
1991. Since the conversion process takes the same amount of
time as a full overhaul, but two-to-five times as long as a
limi ted overhaul, this schedule would tend to decrease the
total time engines would spend in the depot over the conver-
sion period.

TABLE VI

NUMBER OF FULL CONVERSIONS ALLOWED

YEAR R MAY J

1988 21 43 45 435 45 46 e e e e ) 8
1969 ] ] e 19 35 27 28 27 28 27 o 8
1990 28 27 @ 8 21 16 17 19 20 20 20 20

1991 20 20 21 26 ©8 & 8 8 12 12 14 17
NUMBER OF LIMITED CONVERSIONS ALLOWED

YEAR __JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1968 2 © © © @8 6 © 28 27 25 38 23 8
1969 @ © 6 ©8 @ © 27 29 32 37 48 44

1996 45 43 45 45 45 43 24 0 © o o o
1991 44 4% 45 45 22 43 48 47 47 7 @ 0|

Factor Variability. From the information gathered from

ASD during the initial interview, a flow model was developed
by the authors. This model depicted the flow of the engines
through the projected ALCM system as the authors initially

conceptualized it. Subsequent interviews and questions

19




DR C N O S CACHCNOSC OO LA AU AL A L UL CARCE L 16 LW U AL S ORI AN oL o Al

[

2
.,

”

:

3

CIRCIN I

3 'A ’l

1]

about unclear relationships and variable values helped re-
fine and correct this model. The ASD personnel wvalidated
the final flow model as an accurate reflection of the system

as they Knew it. The final model depicted five wvariables

n-c...“-,".“ 4, '
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which appeared to have the potential for significant impact

on ALCM system capabilities, and displayed some variability

% in their estimated values.
. The first variable was the transportation time required
ii to move an engine between the depots and each base or test
iz facility, and the transportation time required to move an
;; engine between a base and the test facilities. The figure
ig offered as the "standard®” transportation time (a2 maximum
;é time in which an engine should arrive at its destination) by
- ASD/YZL was eight days. This standard time does not account
?3 for difference in transportation distance, mode, or possible
;?i expediting actions. The shortest time considered likely was
:) a minimum of four days (20>. The difference of four days
may seem inconsequential. However, considering the total
number of trips to be made , it may prove significant (1830
= engines x 2 trips per 45 months during 20 years of system o
;$E life x 4 days per trip = 87,840 days of transportation time
difference) . 1
.é; The second variable is the amount of time required to
.S§ test an engine or missile. Initial estimates indicated
;E sixty days would be required, but later tests were being
.;' completed closer to forty days (20). With a potential 20
P
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day difference and a total of 233 EVIP and OTL tests to be

completed, engines may be tied up in tests 4,780 days less
if the lower figure is true.

The third variable considered is the loss rate for OTL
inflight recoveries. Initial estimates indicated a 25/ loss
rate for OTL tests, but crew experience and improvement in
techniques could move this figure closer to 10 early on
(28). Since OTL missiles do not require spare engines there
is no impact on the number of spare engines required. How-
ever, there is an impact on the competition for depot ser-
vices and the future demand for spare engines if more of the
OTL missiles are recovered than expected.

The fourth variable is the amount of time required for
depot servicing. the contract ﬁogotiatod with Williams
allows a thirty day period for 1imited overhauls and a sixty
day period for full overhauls, However, investigation of
workcards and interviews with William’s supervisory person-
nel by ASD/YZL indicated the possible completion of 1imited
overhauls in as few as six days and full overhauls in thirty
days (20). Tests refurbishment, broken engine repair, and
F107-161 to F187-104 conversions require approximately the
same ranQe of operations as a full overhauls and thus will
take approximately the same amount of time. The difference
between these two estimates amounts to approximately 400,000
repair days over a 20 year period.

The +fifth and final variable is the premature engine

failure rate for deployed missiles. Estimated by ALCM
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system engineers at 134, this failure rate has not yet been

verified by test results (20, Even if 15/ is a wvalid
figure for the actual failure rate, its effect on the demand
for spare engines may not approach anywhere near this <fig-
ure. The ALCM engine is maintained in a sealed container
during storage, and even when installed in a missile air-
frame, a failure would be very difficult to detect. Since
no field tests for proper operation are conducted at the
base (which would involve running the engine, designed es-
sentially for one-time use), the only indication of a fail-
ure is by visual, external inspection. 1¥ the engine is
leaking o0il, hydraulic fluid, or physically falls apart, the
failure could be detected. Otherwise, a failed engine would
remain in a deployed status and assumed to be operational.
The undetected failed engine would not require a replace-
ment, resulting in a decreased demand for spare engines.

This would effectively reduce the failures close to zero.

The distribution of time before failure is unknown and will
be assumed to be uniform over the engine’s warranted life.
With an average loss of 4546 days per failed missile, a
reduction of failures from 15/ to 8% could save almost
1,000,800 days of warranted life before overhaul over a 20
year period.

Factors that will be fixed at a given level are the
warranted life for the F187-101 engine (913 days) and the
warranted life for the F187-184 engine (1826 days). The

number of operational bases will be fixed at six, with five

22
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bases requiring 284 missiles and the sixth requiring 2895

missiles.

A Analysis and Measurement

In the analysis and measurement step, the parameters
(those quantities ®"to which the operator of the model may
assign arbitrary values (17:13)°) of the model are deter-
. mined and a parametric model is built. An experimental
N design is developed specifying how the factors in the model
; are manipulated and what levels of the factors are studied.

Finally, the criteria used (a manager-researcher perspec-
> tive) to judge the significance of changes in the model’s
output is stated.

The experimental design of this thesis allowed the re-

searchers to determine which factors or combination of fac-

8 e,

tors significantly affect the model’s response measurement.
By 1isolating the factors at both extremes of their hypothe-

sized range, the changes in the model response measurement

L BRI Iyl I
[ S 2 il s

attributed to changes in each factor’s level were deter-

l“

- mined. Five factors were considered variable, the others

were considered as environmental factors or fixed inputs

'l_" "“-_‘l ' 1

into the system. For the initial screening of these fac-

tors, a factorial design was run, varying these factors at

two levels, which indicated how sensitive the model was to

each of these factors. A factorial design with five factors

. .'.l.’l‘ ‘._l._i.

and two Jevels required thirty-two replications of the
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ot TABLE VI1
RIA £
FACTORS LEVELS
Lo __Hi
A. Engine Failure Rate e .13
B. Transportation Time ¢(in days) 4q 8
C. Test Duration (in days) 40 48
D. Maintenance Duration (in days)
Limited é 30
Full1/Refurbd 30 40
Conversion 30 60
E. OTL Loss Rate s ]
COMBINATIONS EA
A B C D E
1 Lo Lo Lo Lo Lo
2 Lo Lo Lo Lo Hi
3 Lo Lo Lo Hi Lo
4 Lo Lo Lo Hi Hi
S Lo Lo Hi Lo Lo
é Lo Lo Hi Lo Hi
7 Lo Lo Hi Hi Lo
8 Lo Lo Hi Hi Hi
9 Lo Hi Lo Lo Lo
10 Lo Hi Lo Lo Hi
11 Lo Hi Lo Hi Lo
12 Lo Hi Lo Hi Hi
: 13 Lo Hi Hi Lo Lo
b 14 Lo Hi Hi Lo Hi
:&; 135 Lo Hi Hi Hi Lo
NS 16 Lo Hi Hi Hi Hi
1Y 17 Hi Lo Lo Lo Lo
: 18 Hi Lo Lo Lo Hi
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experiment. The five factors and their levels for each of
the thirty-two experimental runs are shown in Table VII. An
analysis of variance (ANOVA) was run on these data points to
determine the significance of the main and interaction ef-
fects on the primary system measurement (the average time an
engine spends in an operational status past its warranted
lifetime) . The significance of changes in the dependent
variable were examined at the alpha = .10, .05 and .01}
levels.

Addi tional information on system performance that the

model can produce will be provided in Appendix A: Simulation
Output Summary. No formal analysis will be performed on the
data presented, but the output is useful in seeing the type
of information that the model! can provide to system

managers.

Computerizing the Mode!

The model was written in the SIMSCRIPT I1.5 simulation
programming language, then compiled and run on the CDC CYBER
computer system at Wright-Patterson AFB, Ohio. There are
four main reasons why SIMSCRIPT 1.5 was chosen as the
language to model the system. 1> SIMSCRIPT has an English
like syntax which simplifies the explanation of the program
to managers and other users without a computer programming
background. 2) SIMSCRIPT has more capabilities in simulat-

ing systems than any other language (17:140). 3) Expertise

23
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in SIMSCRIPT was available. 4> SIMSCRIPT allows the model-
ing of a system on a modular basis. It allows the designing
and testing of each module for correct operation independent
of all other modules. After individual testing, all the
modules can be combined to reflect the workings of the
system as a whole. This capability is very important when
designing models of complex systems, as it greatly eases
model debugging (finding and correcting errors) and
verification.

Mode! Development. The SIMSCRIPT model was designed to

parallel the structure of the ALCM system as closely as
possible. This is facilitated by the use of the simulation
concepts Known as “"sets®, *entities®, "processes"™ and
"routines®, and by control of these concepts by the "system®
and other "owning®" entities (see Appendix B: Glossary of
Selected SIMSCRIPT Tﬁrms). The model’s built in “"system®
controls a series of "sets" which serve as storage facili-
ties for a given class of "entities" (the spare engines and
missiles in the ALCM system). One class of entities may
represent engines which have been produced by Williams, are
stored at the Boeing facility, and have not yet been mated
with an airframe. Another class may be those missiles that
are operational assets at a certain base. Yet another class
may be those engines that have failed or have exceeded their

warranted life on base and are awaiting a spare engine to

7

“' replace them. Sets are able to sequence engines, say, into
E;E the depot for repair, based on a set of priorities that the
o
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system has established. These sets are also able to perform

a wvariety of record Keeping functions, such as: Keeping
track of how many engines are in a certain class at any
particular time (e.g9., how many engines are currently being
tested), which particular engines are in a given' class
(e.Q@., is engine é 344 in an operational missile or is it
removed and awaiting repair ? >, or which engine of a
given class has the highest priority for an available re-
source (e.9., which engine on which base has been broken the
longest ? ).

Besides the ‘“system®, SIMSCRIPT allows the model to
have other "owning®” entities. An example that parallels
the ALCM system is the two depots that exist in this model.
Each of the depots in the model own a set <(stockpile) of
repaired engines that are available as spare resources. The
depots process demands for spare engines, select the oldest
engine available, ship the engine to the requesting base,
update their inventory records, and inform all interested
agencies in the system of the number of spare engines re-
maining. The depot also informs the system of the repair
capability it has remaining, receives and queues incoming
engines for servicing, examines the records accompanying the
engine to determine the type of servicing it requires,
services the engine as indicated, updates the engine’s rec-
ords, and stores the repaired engine in its stockpile.

The model also “"creates" the required number of opera-

tional “bases®", giving them sets to store operational mis-

27
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repair or scheduled servicing. The base monitors the status
of each missile, detecting its failure or determining its
f;f requirement for scheduled servicing. It then requisitions a
spare engine if needed, or arranges for shipping a missile
to the test site. The base receives incoming spare engines,
removes and replaces the old engine, ships the old engine to
the appropriate depot for servicing, and updates the records
of the old and new engines.

The ALCM system’s engines are represented in the model
as "temporary entities". Each entity begins its existence
when created by an engine production “"process®, according to
ﬁz a2 production schedule read into the model from an external
- file. Each engine carries a set of "attributes®” (its own
set of records) that indicate a variety of information, such
as: the date it was produced or overhauled, when its next
servicing is due, what type of servicing it will require,
were it is located, its identification number, its prece-
dence for resources as compared to other engines in the same
class, which class(es) it belongs to, and many other pieces
of information.

E;I The system, depots and bases perform their various j
%? functions and maKe decisions by the use of different
*processes” ., Processes are actions that are scheduled to
occur by the system at various times and under various
circumstances or combination of circumstances. For example,

if an engine at an operational base fails, the base will

28
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detect this, and schedule an "engine requisition” process to
occur. The requisition process will examine appropriate
variables in the system to determine if the engine has
indeed failed, a spare engine is available to replace it,
and no other engine has a higher priority for replacement.
If the appropriate conditions have been met, the requisition
process will request the spare engine from the depot, ar-
range for transporting the spare to the base (via a “trans-
portation process®) and schedule an "exchange process" to
handle the engine removal and replacement when the spare
engine arrives at the base.

| Processes accomplish these actions by relying on pro-
gramming code that reflects various decision rules that are
examined whenever more than one course of action is possi-
ble. These decision rules are based on the assumptions made
about the ALCM system and the priorities established for
resource allocation. These rules are designed to parallel
the priorities, policies, and decision logic that exists in
the actual ALCM system. For a detailed analysis of the
decision 1logic built into the model, refer to Appendix C:
Model Operation and Decision Logic.

Some of the many functions that processes perform in-
clude: manufacturing engines and scheduling their delivery;
gathering statistics on the variables in the system; deploy-
ing operational missiles to bases; scheduling and conducting
tests; scheduling and performing preventive maintenance,

repairs, and modifications; choosing the depot and engine to

29
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tf: be used for filling a requisition; choosing the depot to
p _f::'
XN receive and service each engine; and selecting engines for
testing.
Mode! Construction. Model construction began with the

*creation® of the physical facilities that exist in the ALCM
system: the bases, depots, test facilities, enQine storage
facilities, etc. These facilities were then given the capa-
bility to receive, classify, process, store, and monitor
engines (via the assignment of the appropriate sets to each
facility). Next, processes were created to handle all the
necessary decision making, prioritization, resocurce alloca-
tion, record Keeping, and other managemer.. functions.

A tree diagram was then developed showing all the
possible paths through the system an engine could take,
under all combinations of circumstances. The processes were
given decision rules to follow at each node for each branch
of the tree an engine could follow. The processes were
designed to examine the status of the engine (its attri-
butes), the applicable wvariables in the system, the re-

sources available, the priorities in effect at that time,

and the current simutation time before deciding what path

" gl

&gz the engine would take at each node.

§$E Processes were designed to apply the appropriate proba-
F?? bility for path selection if the path to take was subject to
;ﬁ; chance. This was accomplished by sampling from a built—in
ﬁ;; (SIMSCRIPT-supplied) random number generator and applying
E§E the results to the appropriate probability distribution.

oo
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Sets and engines were given attributes, continually
updated by the processes, that reflected the current and
cumulative status of various output variables. Routines
were designed to sample the values of these attributes and
other system variables at appropriate times <(continuously,
daily, monthly, etc.), accumulate and calculate statictics
on these values, format the statistics, and print them to an
external file for later examination.

Input Data Manipulation. Schedules and variable values

were designed to be read by the model from external files
prior to starting the simulation (see Appendix D: Input
Files SIMU7 and SIMU?, and Tables 1 through VI) Thus the
same model accepts a variety of input parameter values, runs
the simulation on the basis of these values, and returns a
statistical summary of the simulation to external files.
Different runs are easily accomplished with the same model
by maKing a one or two line change of those input wvariables
that differ from one simulation run to the next. Each run‘’s
output is directed to a separate output file. After running
all the variable combinations desired, the ocutput variables
under study are consolidated into one file that is used as
input to a statistical analysis program.

Program Documentation. The SIMSCRIPT program developed

in the research effort is listed in Appendix E: Program
Listing, A more detailed explanation of the SIMSCRIPT pro-
gram terms is contained in Appendix F: Explanation of

Program Terms. This appendix gives a description of each
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variable’s usage, an overview of each processes’ function,

and details on the functions of the model’s sets, attributes
and entities. Appendix C: Model Operation and Decision
Logic, examines some of the assumptions made in developing

the model.

Model Verjfication

Model verification is the process of "insuring that the
model behaves the way an experimenter intends (17:39)". To
verify this model the following procedures were used: The
flow of an engine through the model was traced to ensure
that the intended decision logic was followed. System vari-
ables were recorded both before and after a decision point.
The variables recorded before the decision point wo?o exa-
mined to determine what decision logic should be followed at
that point. Then the variables recorded after the decision
point were examined to determine if the appropriate decision
logic was actually followed. This procedure was repeated
tracing different engines until all possible decision logic
had been verified throughout the model. An exampie of this
procedure is presented in Appendix G: Sample Verification

Process.

Model Validation

Validation "is the process of bringing to an acceptable

level the user’s confidence that any inference about a

32
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system derived from the simulation is correct (17:29)". The
importance of model validation must be recognized. The use
of an unvalidated model may result in the manager placing
his trust in a model that, though verified for correct
operation, may not adoquately'capturo the real world phe-
nomena and relationships it is designed to reflect. The
complete validation of this model is beyond the scope of
this research. Only preliminary validation was accomplished
during this research effort. This preliminary wvalidation
consisted of an informal review of the output data by the
office of ASD/YZL.. This office judged the model’s output to
be a reasonable re#loction of what the real-worlid system
would generate, based upon their Knowledge of the system at
that time. The authors suggest that complete validation
occur before managers give full weight to the model’s out-
put. Since there is no current data on which to base this
validation, the authors suggest that the expert method of
validation be used. This involves breaking down the output
at different stages, and letting the current experts on
those stages pass judgement on whether or not the model‘s
output reflects the output they would expect the real-world
system to generate. If not, the experts should assist the
modelers in determining what the real ocutput should 1look
like, and where and what the modelers should change to
better capture the real situation. Model verification and
validation is well covered in the literature by authors such

as Berman (2), Garratt ( 9), Gilmour (10>, and Nolan (13).
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;i I11. Analysis and Measurement

-

S Introduction

o

ZE The previous chapters have thoroughly described the

v operational environment of the ALCM engine system. The

%ﬁ authors researched the system through the Engine Logistics .
;Eg Office of the Aeronautical Systems Division <(ASD/YZL). A

T~ conceptual model was developed from this research and veri-

‘is fied for accuracy by this office. An experimental design

'E; was developed that would allow the modeler to test the

?: effects of changes in the selected independent variables on

i{ the model’s dependent variable: the average number of days

f;} an engine’s operational life exceeds its warranted life. A

\. computer model, written in the SIMSCRIPT I1.35 programming

EE language, was then developed and verified. This model re-

éi flected the conceptual model‘s structure and was capable of

3i monitoring changes in the dependent variable brought about

'Ei by manipulations of the independent variables.

2; An Analysis of Variance (ANOVA) was used to determine

- if changes in the independent variables significantly .
és changed the dependent variable. The ANOVA analysis of the

'y output of a factorial design is useful in that all the main ’
{5 effects and interactions of the independent variables can be

5 estimated at the same time (12:3-19).

Eg One of the benefits derived from experimentation with

tf simutlation models is that sampling from the population of a

5

.
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model’s output can be manipulated by the experimenter "with-
out introducing bias in the response of interest (11:72)°.
This is done by using Variance Reduction Techniques (VRTs),
which reduce "the variance of the estimator by replacing the
original sampling procedure by a new procedure which yields
the same expected value but with a smaller variance
(113183 ° and increase the "reliability of the estimated
response of a particular system (11:200)",

A reduction in variance for this analysis was obtained
by the VURT of "Common Random Numbers®" (11:208-206). This
technique uses the game stream of random numbers for each of
the model’s stochastic variables from run to run. This
procedure results in a series of correlated dependent re-
sponse variables. 1In investigating the effects of different
levels of input variables on the output response variable,
one is "not interested in the absolute values of the system
responses but in the difference among system responses
(11:200>", Since the variance for the difference of two
responses, x and y, is given by the equation Var(x-y) =
Var(x)> + Var(y) - 2 Covi(x,y), any increase in the covari-
ance term will result in a decrease in the variance for the
di fference. The correlated responses obtained in this re-
search result in a positive covariance term reducing the
variance of the dependent variable (11:280), The correla-
tion of observations caused by common random numbers vio-
lates the assumption of independent observations normally

required for an ANOVA. However, the t-test is considered
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robust enough to indicate significance even when indepen-

dence assumptions are violated (3).

Tosting

Measurements. The simulation model in this experiment

was run thirty-two times using all possible combinations of
input variable levels, This was accomplished by using dif-
ferent input files for each run for the variable factors,
and common input files for the fixed factors. Examples of
these files are shown in Appendix D: Input Files SIMU7 and
SIMU?, and Tables I through Vl. SIMU7 is an example of one
of the combinations of input variable levels depicted in
Table VII: Variable Factors. Table VIII: Simulation
Cutput, shows the response value of the dependent wvariable
observed for each of the thirty-two treatment combinations
run on the model. The designators A8/A1, Bes/B1, C8/Cli,
D8/D!, and EB/E! reflect the low and high levels, respec-
tively, of the independent variables shown in Table VII.
Method. These results were evaluated by ANOVA using
the Yates’ Method of computing factorial effects totals.
This method is the "most expeditious®" computational method
for 1looking at multiple factorial effects (3:158). The
effect means calculated by the Yates’ Method are shown in
Table IX. The Jower case letters (a-e) in the left hand
column of Table IX indicate which variables are at a high

level in that treatment. If a letter is not present in a
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:ﬁ treatment its corresponding variable was set low for that

f‘-

:j run. All calculations were performed with the full number

gi‘ of significant digits allowed on the CDC CYBER computer
system. The calculations shown in Table IX, except for the

treatment results and effect means, have been rounded to

whole numbers for readability.

3 Effect Means
:!
w3 EFFECT  EFFECT|
N TREATM R (@)) &) (4<)) (4 __TOTAL MEAN |
P D 0.00 ) 20 41 186 477 29 .83
() a e.00 20 21 145 292 -1 -.04
e b 190.34 ] 71 80 -3 477 29.79
£ ab 9.68 21 73 211 2 -@ -.01
e c 8.00 e 490 -1 185 S .32
y ac 0.00 71 41 -1 291 ) .02
- bc 10.94 ] 10S 3 -2 5 .29
N abc 16.27 73 1846 -1 2 1 .04
= d 0.83 ] -1 41 3 234 14.63
N ad 0.00 40 -1 144 2 -4 -.22
" |bd 36.11 e -1 8@ e 233 14.58|
o abd 35.26 41 -1 211 -0 -3 -.19
25 cd 8.23 ) 2 -1 3 1 .09
S acd 0.01 185 1 -1 2 2 .10
o bed 36.62 e -1 3 1 1 .04
AR abcd 36.28 106 -0 -1 -0 2 .12
2 e 8.00 8 20 1 103 186 6.61
N ae 0.00 -1 21 2 131 5 .31
y be 19.89 e 71 | -0 184 6.64
abe 20.79 -1 73 2 -3 4 .28
‘3 ce 8.08 -0 49 -0 103 -1 -.05
= ace 0.00 -1 41 8 131 -0 -.02
- bce 19.74 -8 105 -1 ] -0 -.02
! abce 20.79 -0 104 1 -3 -1 -.985
R, de 0.82 8 -1 1 1 27 1.71
o ade 8.81 2 -1 1 1 -3 -.21
o bde 52.70 C) -1 1 8 28 1.74
e abde 52.09 1 -9 | | -4 -.23
e cde 8.03 -9 2 -0 @ e .02
AN acde 0.02 -1 1 1 1 1 .06
" bcde 53.15 -0 -1 -1 1 1 .04
: ];pggg 53.14 -8 e 1 1 1 .83
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Analysis

shown in Table X:

were calculated from the effect totals

Sum of Squares.

TABLE X

The sum of squares for total and each treatment,

in Table

__
SUM QF SQUARES |
. SOURCE __ DF S M
D 1 7121 7121
A 1 8 8
B 1 7100 7100
AB 1 e )
c 1 1 1
AC 1 8 ®
BC 1 1 1
ABC 1 ] 8
D 1 1712 1712
AD 1 ) 0
BD 1 1702 1782
ABD 1 ] )
CD 1 0 0
ACD 1 8 8
BCD 1 o )
ABCD 1 8 )
E 1 350 3s5e
AE 1 1 1
BE 1 352 352
ABE 1 1 1
CE 1 8 0
ACE 1 ) )
BCE 1 ) 8
ABCE 1 o )
DE 1 24 24
ADE 1 ) )
BDE 1 24 24
ABDE 1 8 8
CDE 1 8 0
ACDE 1 e )
BCDE 1 ) 0
| ABCODE 1 _9 9
LTOTALS 31 11268
39
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An examination of this data, again rounded for readability,
revealed negligible effects for the third through fifth
order—-interactions. Thus the treatment sum of squares was
calculated on the main effects and second-order interactions
only. This gave fifteen degrees of freedom for the treat-

ments sum of squares and sixteen degrees of freedom for the

error sum of squares (see Table XI: ANOUA) .

Table Xl
| SQURCE D.F 9.8, "'-5..ﬁ
TREATMENTS 15 4121.09 274.74
ERROR 16 7144.88 444 .68
| TOTAL 31 11247.97
TABLE XII

COMPARISON_VALUES
STANDARD ERROR = 7.49?
T VALUE AT .10 = 1.75
T VALUE AT .05 = 2.12
T VALUE AT .01 = 2.92
COMPARISON VALUE AT .16 = 13.095
COMPARISON VALUE AT .85 = 15.84
COMPARSION VA AT .01 = 21.83 |

The error mean square of 444.48 was used to compute the
standard error of 7.47. This standard error was multiplied

by the critical values of t (for 16 degrees of freedom) at

40
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>
_; the alpha = .61, .85, and .10 levels of significance (shown
.
in Table XII>, and resulted in comparison values of 13.85 at

alpha = .16, 13.84 at alpha = .05, and 23.83 at alpha = ,01.

Significance of Results

- The effect means for treatments (TABLE IX) were con-
trasted with the comparison values (TABLE XII> to determine
the significance of the effects of each treatment. 1¥ the
15 effect mean exceeded a given comparison value the main
ﬁ effect (or interaction effect) for that treatment is statis-
tically significant at the corresponding alpha level. Main
b effect B, transportation time, was significant at the alpha
:g = ,01 level. Main effect D, maintenance duration, as well
as the BD interaction, were significant at the alpha = .10

level.
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A@@ IV. Summary, Conclusions, and Recommendations
AN
"\r
$§ The six objectives this research was to meet were:
R
o 1. To conduct a thorough review of the ALCM spare engine
Ei system to determine the system’s relevant wvariables and
E{ their interretationships, and the amount and type of varia-
ix bility in these relationships. ]
Eﬂi 2. To build a computer simulation model of the system that
ﬁi would reflect the findings of this review.
:? 3. To experiment with the model and assess the significance
ﬁg of changes in the variables on the system’s operational
ﬁ: capability.
53 4. To document the derivation, use, applicability, and sig-
if} nificance of the model’s output.
,;; S. To incorporate flexibility in the model‘s design to
"5' allow for changes that will occur in the system’s future.
;2 6. To answer three research questions:
fés a. Do any of the selected variables have a significant
::\ effect on the ALCM engine operational capability when ‘
;E: allowed to vary within their probable range of values ?
fﬂ b. Which of these variables are significant ? )
: c. MWhat are the implications of these findings ?
i:% This chapter will summarize the effort of the authors
;:E to meet these objectives, and will offer recommendations for
;ﬁ further study in this area.
A
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Summary

The 1logistics issue addressed in the research is the ‘
management of spares acquisition and logistics support ac-
tivites for the Air Launched Cruise Missile engine. Effec—-
tive management of a complex weapon system such as the ALCM
requires careful consideration of the overall logistics
support given to the system. This consideration includes
the number of repairable spare parts to purchase, the timing
and frequency of maintenance for these parts, and the effect
of both of these aspects on the operational capability of
the weapon system, throughout its useful life. This re-
search focuses on an alternative method, from those cur-~
rently employed by the Air Force, for analyzing the spare
engine procurement and support requirements of the ALCM.

Objective 1. The ALCM system was thoroughly reviewed
by the authors to determine the environment and characteris-
tics of the system. Support for this review was provided by
Engine Logistics Office of the Aeronautical Systems Division
at Wright-Patterson AFB, Ohio. A conceptual model of the
system was developed from the information obtained from this
office. The model was revised and corrected, then reviewed
by the Engine Logistics Office, which confirmed that the
model was an accurate representation of the real-worlid ALCM
system.

Objective 2, A computer model was then written in the

SIMSCRIPT I1.5 language. This mode! was designed as a tool

43




-E that ALCM system managers could use to understand the ALCM

system and to determine the ihpact that changes in selected
variables might have on the system’s performance.

The authors selected five variables that appeared to
have the potential for significant impact on the ALCM
system. The possible range of values for these variables
yae was then determined by reviewing the available information
on the system.

Objective 3. An experimental design was then selected
o that wouid determine the actual significance of changes in
these variables on the model’s dependent wvariable. The
factorial design chosen allowed the determination of the
- impact of both the ain and interaction effects with a
single analysis. The experiment was conducted on the CDC
CYBER computer and analyzed using the Yates’ method for
e ANOVA . 1t was found that the transportation time was sta-

tistically significant at the alpha = .81 1level, and the

maintenance duration and the transportation/maintenance
oy interaction was significant at the alpha = .10 level.
- Objective 4. Appendices A through G document the com-
puter model ‘s operation, wverification, input requirements,
and output. Appendix A illustrates some of the capabilities
<s of the model to provide estimates of future states of the
ALCM system that managers may find valuable for long range
et system planning. Appendix B explains some of the terms
peculiar to the SIMSCRIPT language that are used in the

model . Appendix C explains, in detail, the line by line

44
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operation and design logic of the model. This appendix will

give other modelers the depth of understanding necessary to
adapt and modify the model for their particular use.
Appendix D gives examples of the input files required to run
the model and specifies the values of those factors consi-
dered as constants in this research. Appendix E is the
numbered program listing referenced in the other appendi-
ces. Appendix F is an explanation of the terms and vari-~
ables used in the model. Appendix G is an example of the
procedure used to verify the correct operation of the model.

Objective 3. The computer mode! was designed with the
flexibility to easily modify all the assumptions and limita-
tions built into it, so that newly discovered relevant vari-
ables and different levels of factors could be incorporated
as the system evolves. In most cases this can be accom-
plished by modifying a short input file found in Appendix D.
The documentation found in the other appendices will give
an experienced modeler the flexibility to explore numerous
alternative courses of action in experimenting with this

model .

Objective éa. The analysis of the experimental results,
presented in Chapter 3, clearly shows that some of the
selected variables do have a significant impact on the

system’s operational capability, as defined by the authors.
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s
';\ Objective éb. Transportation time, maintenance dura-
\ tion, and their interaction proved significant at the alpha
. = .10 level. This conclusion is based on the mean effects
, and comparison values depicted in Tables IX and XII of
Chapter 3. All the other variables in the study were not
; significant below the alpha = .40 level.
A
[
NN Recommendations
,-_:;:j Objective éc. The first recommendation presented is
1‘ also the most important. It is the necessity for full
N'}: validation of the model. Wi thout this validation, the sig-
f»~ nificant effects shown for transportation time and mainte-
:::) nance duration should not be acted on by ALCM system mana-
aACA

gers. Validation is necessary to confirm the assumptions
.',':'-.‘,' inherent in the models underlying structure and constant
": parameter values before the results of this research can be
“; accepted as accurate.
"'- This wvalidation should include an investigation of the
fl- assumptions made in the model. First, depot 2 <0CALO)
. appears to be under-utilized in its first four years of
.;__ operation because of the policy that limits depot 2 to
2\4 performing only limited overhauls (28>. Second, the assump-
;‘3 tion, made by the authors, that selection of a spare engine J
{J from a particular depot is made on the basis of the depot I
E.: with the most spare engines available, may be invalid. A
‘\ policy of selecting the oldest engine from either depot’s
M
A
'
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|
v
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stocks may be more appropriate. Third, the depot selected
to service a particular engine requiring a 1imited overhaul
\ was based on using the depot with the lowest utilization
. rate, whereas a regional servicing policy may be more appro-
priate. Fourth, the author’s use of the model’s engine
conversion routine is based on an attempt to convert as many
enginis as possible during their longer servicing period.
The emphasis here is on conserving maintenance resources by
performing extensive maintenance (the conversion) only on an

X engine that wouid normally be scheduled for extended mainte~-

Tal T

nance (full, repair, and refurbishment services). Other
considerations may be more important than this emphasis in

determining the conversion schedule.

TN

The next recommendation is an in-depth study of the
utility of the dependent variable, as expressed in the

model, as an indicator of the ALCM engine‘s operational

.l./'l...‘l.g

capability. The actual correlation between the amount of
time an engine spends as an operational asset beyond its

warranted life, and its probability of successfully <firing

and operating when a demand is placed on it, bhas not yet

been established. Further analysis of the results of the

l' l. 'i ,

current test program, and an extension of this program to
include engines operational past their warranted life, may
be required to establish this correlation. Once this corre-
lation has been established, a new experiment should be
performed to test for a significant change in system cap-

ability due to changes in the transportation time and main-

H855%;]
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3

EE tenance duration parameters. Even though these parameters,
Eé as used, currently indicate a significant effect on the
;;‘ dependent variable, the dependent variable’s actual correla~
§§ tion with system capability (possibly at less than a one to
f{ one ratiod may not indicate a significant change in this
< capability.

:; Finally, the assumption of a uniform distribution for
Ea each of the stochastic processes in the model is based on )
1_ inadequate information concerning the actual probability
iﬁ distributions that should apply in each case. These distri-
‘Si butions should be determined from an analysis of engineering

data and test results, and the model updated to reflect the

correct distributions.

TR

3
;; Once the verification is complete and the assumptions,
\; * as.presented, are verified, an in-depth study of transporta-
E; tion time and maintenance duration should be conducted to
Sj reveal the actual distribution of values these variables are
; likely to assume. The authors recommend incorporating ac-
v

curate probability distribution functions for each of these

significant variables into the present model, then experi-

g . 1.al
L AAAARRIEL | JOAAR

menting with the model to produce accurate predictions of
the dependent variable and the other ocutput variables men-

tioned in Appendix A.

}; Furthermore, once the model is validated and accurate
.':
‘? probability distribution functions for the significant vari-
':f ables are incorporated, the model may be used to test the
:*{ effects of changes in management policy. For example, the
N
L%y
(32 48
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§ model has an untested capability to vary the engine servic-—
> ing capacity of each depot at any time. This capability, in
Q‘ conjunction with the <(untested) capability to allow the
'é early <(before the due date) overhaul of an engine, may
? gsignificantly affect the operation of the model. Management
E may adopt a policy of early overhauls to smooth out the
E “peaks and valleys" in service roquirem‘nts, and to insure
s that these "peaks® do not exceed a less—than-unlimited ser-
x vice capacity at a depot. The mode] will be able to show
E management the implications of this change in policy.

S A final recommendation is to examine the possibility of
: adapting the ALCM model to reflect the operational environ-
% ment of the Ground Launched Cruise Missile (GLCM) or the
} Submarine Launched Cruise Missile (SLCM), both of which use
“_ the same type of engine as the ALCM. These systems are
,§ further behind the ALCM in development, and final decisions
é on the number of spare engines to procure have not been
i made. A slightly modified model could be used to determine
? the effects on the system of different numbers of spare
? engines. An evaluation of these effects could help managers
5 . determine the appropriate number of spares to procure.

‘

‘

:
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Appendix A: Simulation Output Summary

This appendix illustrates some of the capabilities of
the model to provide estimates of future states of the ALCM
system that managers may find valuable for long range system
planning. It is divided into three parts, the first giving
a "snapshot® of the state of the system at 0000 hours on the
first day of each month (pages 54-48). The second part
summarizes the activities that have occurred for each month
of the simulation run (pages 61-47). The third part reviews
the system’s operation over its entire simulated life, re-
cords the total number of broken and overdue missiles, and
their average time on base past their failure or overdue
dates (page 67). This last item is the dependent variable
examined in this research effort.

The following is an explanation of the codes used in
part 1 of the output summary (the numbers (1-12] down the
left column, under each year, indicate the month for each

row of output):

NQ@1 and NQ2 - the number of engines waiting for servicing at
each depot because of a shortage in the depot’s service
capability (depot 1 refers to Williams and depot 2 refers to
ocaLD) .

NX1 and NX2 - the number of engines being serviced by each
depot.

NR1 and NR2 - the number of repaired, serviceable engines in
each depot‘s stocks.

» <o
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NTS - the number of engines currently being tested.
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NAS -~ the total number of operational engines deployed to
bases in the system.

NSS <~ the number of spare engines required by the system to
replace all broken and overdue engines, provide for spare
test engines, and fill the transportation and maintenance
pipeline. This number does not count engines in depot
repaired stocks if there is no demand for them.

NKS - the number of engines that require a spare engine, due
to failure or being overdue for scheduled maintenance, but
cannot obtain one due to lack of their availability. This
number indicates the excess of demand over supply for spare
engines.

NBN <~ the number of failed engines awaiting a replacement
spare engine. A broken engine will stay on base a minimum
of TRANSPORT.DAYS before being replaced due to the demand-
pull supply concept used in the system.

NOV -~ the number of engines in a deployed status that have
exceeded their warranted l1ifetimes since their last over-
haul, Due to the structure of the model, these engine are
counted as being on base a minimum of TRANSPORT.DAYS before
being replaced. However, the spare engine reorder process
is actually initiated TRANSPORT.DAYS prior to the engine’s
actual overdue date. An adjustment is made in the model’s
output to correct these excess overdue days.

A Knowledge of the most probable state of these wvari-
ables can be extremely valuable to system managers in deter~
mining depot maintenance requirements over the years ahead.
The NAS counter can give a clear picture of operational
missile strength as it might change over the system’s 1life.
Combined with the information available from the main output
variable, the average time a2 missile exceeds it warranted
life while deployed, system managers should be able to
determine probable readiness levels for the ALCM system
throughout its useful life.

Trends shown in the "snapshot® pictures (part 1) of the

system’s variables can give managers a great deal of useful

S1
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2
*: information. For instance, in the output example shown in
hY
o this appendix, the system seems capable of handling the
. ¥
:u demand for spare engine for all years except 1987 to 1992.
Y
g
2 The demand quickly exceeds the supply and stays that way for
' five years, with demand peaking at 487 engines and only 115
N spare engines available. This trend should indicate that
‘ﬁ further research into the cause of this apparent “bottle-
o neck® may be worthwhile so that solutions can be devel oped
?: in time to prevent the problem from occurring. This may
fﬁ require the use of premium transportation for spare engines,
$' or expediting depot operations. The model can indicate
Ff where and when problem areas may occur and what their most
;Eﬁ likely causes are so that action can be taken early enough
~ to prevent these problems.
LN .
:: Part 2 of the output summary gives additional informa-
§ tion that will interest system managers, especially depot
o
y managers. It gives monthly information on the <following
~ variables:
b
N
’.' INCR - the increase in the number of spare engines required
= over the previous month.
-:\_-
3: TREQ -~ the maximum number of engines required at any time
o~ during the month.
ﬁ; Al181,A104 - the average age ( in days past the engine’s
= last overhaul date) for each type (101 or 184) of engine.
N These counters apply only to deployed engines. This may
:}: serve as another indicator of the readiness of the aALCM
e fleet.
)
‘j MINR - the number of limited overhauls performed by the
o depots during the month.
o
o
o 52
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MAJR - the number of full overhauls performed by the depots
during the month.

UNSC -~ the number of unscheduled overhauls (due to failured
performed by the depots during the month.

REFB - the number of test refurbishments performed by the
depots during the month.

CONV - the number of 181 to 184 conversions performed by the
depots during the month.

Part 3 of the output summary shows the total number of
engines that have failed or exceeded their warranted Ilife
before being serviced. Since there are only 1839 engines
manufactured and failures or overdues may exceed 7660, these
figures reflect the many °*lifetimes® of each engine over the
life of the simulation. An individual engine may have
failed early for three out of the five times it was deployed
or redeployed to an operational base. This will be re-
flected as three failed engines in the system’s counter.

Because of the model’s structure, all engines that are
exchanged at or past their warranted life are counted as
overdue (those that meet or exceed their warranted life).
The total number overdue will thus refliect the total number
of engines deployed that do not fail and are not used. for

tests. The “average number of days overdue®" thus reflects

the fleet-wide average days overdue for those engines that

have met or exceeded their warranted life.
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PART 2

THE MAXIMUM NUMBER OF SPARE ENGINES REQUIRED OVER THE
LIFE OF THE SYSTEM IS 407

1981 INCR TREQ A101 Al184 MINR MAJR UNSC REFB

g

1982 INCR TREQ A101 Al184 MINR MAJR UNSC REFB

JAN @ L 199 e ) ] 8 e
FEB 8 ) 218 8 ] ) e e
AR e L 226 e e ] ] e
APR @ e 236 L ] e e 8
MAY 0 8 232 ) 0 e e e
JUN 8 9 255 e 0 e 0 0
JUL e 8 259 e e 8 8 8
AUG 1 1 263 L 8 8 e -
SEP e 8 287 ] - e e 1
ocT 1 2 279 e e e e 1
NOV e L 280 0 8 0 e 8
DEC e 1 292 8 e ] e e

1983 INCR TREQ A181 A184 MINR MAJR UNSC REFB
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SEP e S 39S 0 e 0 e 1
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1987

A AR

FEB

APR
MAY
JUN
JUL

[£, 7.2, 44.%,

U SEP

N NOV
DEC

l. .~ ..' y -'l

QIR K
Ce
z

SRR I Yk

SRR £ 6 CLNG AR CY B A DENONEAL

INCR TREQ
e 78
L 80
14 89
16 163
14 119
8 127
? 136
19 133
1?7 172
1?7 189
16 205
11 216

INCR TREQ
é 222
11 233
10 243
11 234
16 276
10 280
16 296
11 307
30 337
13 350
24 374
é 3680

INCR TREQ
e 377
- 375
L 371
0 364
8 371
L 35?7
e 343
L 338
0 324
8 327
8 318
8 339

Al01
495
Se4
Jes
518
308

309
368
310
S10
S10
S18

Al101
589
Se8
Se9?
318
3295
536
546
3954
372
388
598
4046

Ale1l
402
610
609
488
489
593
é10
484
é14
624
617
634
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Al84

117
142

Al104
165
189
208
228
250
271
288
29S
3e8
318
331
348
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13
14
1?7
1?7
17
1?7
13
14
18
11
19

NNONO®=NN=NNON
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34
37
335
36
36
Sé
24
14
18
11
19
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25
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65
29
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;{ 1996 INCR TREQ A181 A184 MINR MAJR UNSC REFB CONV
Ny JAN @ 337 624 357 17 30 ] 2 a5
R FEB o 3%6 623 385 11 18 ] | 30
v MAR © 364 621 405 32 33 ] 2 40
a APR @ 359 626 408 12 16 e e 12
N MAY 3 383 636 423 31 20 e 1 52
A JUIN @ 382 626 426 26 23 e 1 42
e JuL 1S 398 428 447 18 13 ] 2 33
' AUB ¢ 487 638 455 39 26 C] 1 48
SEP @ 399 &35 455 16 11 ] 2 29
- oCT o 488 651 472 33 18 ] 1 52
NS NOV @ 390 647 4% 26 18 ] 1 45
" DEC @ 339 452 483 21 12 e 2 3s
4,
¥
N
" 1991 INCR TREQ A101 A184 MINR MAJR UNSC REFB CONV
JAN 8 327 658 493 37 25 ] 2 é4
- FEB @ 298 6452 496 16 9 e 2 27
- MAR 0 256 643 S13 29 20 e 1 se
< APR @ 226 648 S14 9 46 ] 2 43
~ MAY @ 163 4351 528 1S 16 e 1 15
- JUN @ 157 657 S41 S8 ] e 2 40
. Ju e 148 658 S48 25 ] ] 1 26
o AUG @ 126 442 S7¢ 32 ] e 2 34
4 SEP @ 118 645 593 28 e 8 2 38
Ha OCT @ 95 657 611 23 é ] 2 31
o NOV @ 187 657 624 34 13 ] ] 47
v DEC @ 118 653 437 7 3 ] 2 12
"
|
o 1992 INCR TREQ A101 A184 MINR MAJR UNSC REFB CONV
N JAN @ 182 672 663 25 2 0 2 29
o FEB @ 83 é75 480 10 ] e 1 11
™ MAR @ 65 761 788 8 ] e 2 10
APR @ 72 711 728 26 ] e 2 28
bt MY @ 64 720 749 8 0 e 1 9
N JUN 8 é3 748 779 24 ] ) t 25
N Ju @ 75 742 793 32 Y ) 2 34
AUG @ 87 742 812 29 e e 1 30
= SEP @ 111 782 826 1@ ] C] 2 12
® OCT o 89 721 8%4 3 ] e 2 5
- NOV @ é2 756 884 18 ] e 1 19
- DEC @ s4 762 %61 19 e e 2 21
o
.~:
o 64
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\’, 1993 INCR TREQ A181 A184 MINR MAJR UNSC REFE CONV

% JAN @ 40 444 925 1 0 ] 1 2
= FEB @ 58 47?35 955 2 e e 1 3
. MAR @ 40 456 979 22 e ] 2 5
N APR 8 S1 é87 998 25 ] (] 1 1
. MAY O 74 463 988 41 ] ] 2 é
.. JUN @ 83 494 973 33 0 e 1 ]
- JuL o 82 724 966 37 ) ) 1 ]
g AUG @ 79 755 9356 35 ] ] 1 ]
L SEP © 76 786 948 46 0 ) 2 )
N OCcT @ 94 816 918 35 0 e 1 ]
" NOV @ 96 847 926 10 ] 0 2 0
2 DEC o S8 877 940 17 ] 0 1 ]

et

-N 1994 INCR TREQ A101 A184 MINR MAJR UNSC REFB CONV

JAN @ 57 903 949 31 0 ] 2 21
g FEB o é3 e 959 1S ) 0 ] ]
Y. MAR @ éé ] 971 17 0 ] 2 e
< APR @ 46 ] 985 11 ) ] 1 8
3 MAY @ 43 e 1881 13 e ] 1 0
Y JUN @ 44 ] 1821 18 0 ) 1 ]

JUL @ 53 e 1838 34 ] (. 2 e

y AUG @ 73 o 1826 26 o ] ] ]
3¢ SEP @ 72 0 1829 27 ] e 1 e
- ocT o &9 o 1628 28 0 o 1 0
{ NOV @ 7S 0 1030 20 e ] 2 ]

DEC @ é5 ] 1829 36 ] ] 1 e
-
",
-
+
b
N 1995 INCR TREG A181 A104 MINR MAJR UNSC REFB CONV
v JAN @ 77 ) 1838 2 ] ] 1 ]
; FEB @ 56 ] 1857 1@ ] e e
R MAR @ 49 ] 1871 44 e ] 2 ]
i APR © 76 0 1056 23 ] e 1 e
MY @ 7?7 ] 1851 42 ] ] 1 ]
= JUIN @ 77 ] 1844 1S ] ] 1 )
K JuL @ 72 8 1668 39 ] ] 2 ]
o AUG © 94 ] 1635 S2 ] 8 | e
.. SEP @ 106 © 1023 22 0 ] 3 ]
1 OCT o 81 ] 1017 44 ] ] | ]
= NOV @ 98 e 986 30 ] ) 2 ]
. DEC @ 99 ] 986 40 ] 0 1 e
3.
.
N &5
[ |




1997
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP

DEC

1998
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP

NOV
DEC

INCR TREQ Al6}
9?4
103
86
104
1835
92

INCR TREG Ale1

72
90
78
39

INCR TREQ@

37
44
94
47
42
78
9?3
114
112
186
121
127

Alot

Ale4
937
948
935
898
897
870
839
870
838
842
833
832

A1084
829
809
829
829
847
8646
867
891
894
892
8960
?11

Al104
?37
947
933
983
990
996
984
249
940
932
933
921
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1999 INCR TREQ A181 Al164 MINR MAJR UNSC REFB CONV

JAN @ 109 @ 939 2 17 e ] ]
FEB @ 81 e 956 @ 10 e ] )
\ MAR 0 59 ] 947 19 12 ] ] ]
APR © 7S e 957 S 18 ] ] e
MAY @ 74 ] 969 2 13 ] ] ]
. JUIN @ 40 ] 984 | 16 ] ) ]
JuL @ 57 ] 1002 1 11 ] 8 e
AUG o 53 e 1013 1 41 ] ] ]
t SEP @ 78 ] 1007 1 17 ] ] )
ocT o 89 ] 1868 1 29 e e )
X NOV @ 94 ] 1010 1 35 ] ] ]
D DEC @ 98 ] 1609 1 12 ] ] ]
§
2080 INCR TREQ A101 A184 MINR MAJR UNSC REFB CONV
JAN @ 85 ] 1017 2 44 ] ] ]
. FEB @ 102 @ 1007 1 ] ] ] 0
3 MAR © 75 ] 1033 o 8 ] ] e
g APR © 82 e 1051 1 40 ] ] C]
. MY @ 78 e 1634 2 25 ] ] e
JUIN o 183 o 1041 1 39 ] ] ]
N Ju @ 113 @ 1625 1 21 e e e
AUG © 95 ] 1039 1 30 ] e ]
y SEP @ 9?7 0 1823 1 59 ] o e
) ocT @ 114 @ 1003 1 13 ] ] ]
NOV @ 120 o 1813 1 54 e e ]
DEC o 118 @ 975 1 34 e ] ]
PART 3

@ MISSILES WERE BROKEN AT DEPLOYMENT BASES THROUGHOUT THE
" LIFE OF THE SYSTEM. THEY AVERAGED 8. DAYS ON BASE (BRO-
i KEN) BEFORE BEING REPLACED FOR A TOTAL OF @. DAYS IN
INOPERABLE STATUS.

OO )

6936 MISSILES WERE KEPT IN A DEPLOYED STATUS, UP TO OR PAST
THEIR WARRANTED LIFE, THROUGHOUT THE LIFE OF THE SYSTEM.
THEY  AVERAGED 36.62 DAYS ON BASE (OVERDUE> BEFORE BEING
REPLACED FOR A TOTAL OF 233999.80 DAYS OVERDUE.
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Appendix B: Glossary of Selected SIMSCRIPT Terms

Refer to APPENDIX E: Program Listing for the context in
which the following terms are used. Words appearing in all
CAPITALS are terms used in the program.

ATTRIBUTES: ATTRIBUTES are the "memory cells (19:3)° of
ENTITIES and PROCESSES. They define the characteristics of
each ENTITY or PROCESS. Attributes may be set to different
values or examined by the actions of the program.

ENTITIES: ENTITIES are the model’s objects. They represent
the devices or objects that exist in the real system. Like
a2 subscripted variable, each ENTITY can represent many
values at the same time, by the carrying of ATTRIBUTES
(18:222).

FOR EACH ... OF (SET): This phrase causes a group of state-
ments to be executed for each object stored in the specified
SET. It can be modified with WHILE, UNTIL, WITH OR UNLESS
phrases so that the statements are only executed for certain
of the objects, or UNTIL a specific object is encountered
(193151 .

PROCESSES: PROCESSES are the sequence of actions that an
object undergoes as it passes through the model. There may
be many copies of each PROCESS in existence at any one time,
each processing a different object. *"The process routine
may test for system conditions and take alternative courses
of action (13:2-3>".

RESOURCES: RESOURCES are “used®" by the model’s objects. If
the number of units of the RESOURCE requested by an object
are available, the units are taken and held by the object
until it releases them. 1I1f the RESOURCEs are not available,
the requesting object is placed in a queve to wait for the
units to become available (15:2-4),

ROUTINES: ROUTINES are similar to subroutines in that |
values may be passed to them, the ROUTINE may perform some
operation, and values may be returned by them to the CALLing l
ROUTINE or PROCESS.

SCHEDULE/ACTIVATE: SCHEDULE and ACTIVATE both “"activate the ‘
future occurrence of a process (19:59)" by assigning a i
future time (the AT, IN or NOW phrase) for the PROCESS to
start. At that moment in (SYSTEM) time, the previously
scheduled PROCESS begins to occur and effect the system.

é8
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b
& PROCESSes may be suspended for a certain amount of time
2 after they are started by using the WAIT or WORK statements.
- SETS: SETS are ordered groups of objects that exist in the
e model . ENTITIES "can either own or belong to a set
s (15:3-35) ." ATTRIBUTES that order the SET are automatically
b created by the SYSTEM. These "owner" ATTRIBUTES describe
: the number of objects currently in the SET, and the first
and last member of the SET. Member ATTRIBUTES describe the
L predecessor and successor objects of each SET member, and
~ identify if the object is currently a member of that SET.
& Objects can be placed in or removed from SETS by the actions

of the program (FILE and REMOVE phrases), and the order of

‘ that placement can also be changed by program actions( 135:3-
. 35-38 .

SYSTEM: The SYSTEM is a term used for the operating system.
It is in existence to act as the OWNing agency for wvarious
SETS that are not OhiNed by other ENTITIES. It may also have
its own ATTRIBUTES (19:281-286) .

Iy

TALLY/ACCUMULATE : The TALLY statement is used to collect
various types of statistics on system UVARIABLES These
statistics include the SUM, NUMBER, MEAN, VARIANCE and many
other values. The ACCUMULATE statement calculates similar
statistics, but weights the resul tant value with the amount
of time the variable remains in any given state. Thus the
TALLY of 2 for | minute, and 6 for 2 minutes would be 4,
while the ACCUMULATE for these values would be 5.

AN

& VARIABLES:

. GLOBAL: Global VARIABLES are names of memory locations
that are known (can be examined and/or changed> throughout
the entire program. VARIABLES are made global by declaring
them in the PREAMBLE section (19:49).

s l&L»“

LOCAL: <(Recursive) local VARIABLES are names of memory
locations that are known only within the particular copy of
the PROCESS they appear in. (Saved) local VARIABLES are
Known throughout every copy of the particular PROCESS they
are used in. Local VARIABLES are declared in the PROCESS
itself, and override the global VARIABLE of the same name.

.
.
-
*
L
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Appendix C: Model Operation and Decision Logic

This appendix explains the operation and decision logic

of the SIMSCRIPT model listed in Appendix E: Program

Listing.

The purpose of this appendix is to explain the computer
model! to those users who desire a detailed understanding of
the model’s operation and decision logic. This depth of .
understanding is necessary if the user desires to modify the
mode! to reflect changing parameters or system structure, to
gather information on aspects of the system not explicitly
addressed in this model, or to experiment with those factors
of the model in being, but not the subject of this research.

Those statements in the model which are self-explana-
tory as to their underlying assumptions, their purpose and
their operation are not addressed in this appendix. To help
guide the user through the sequential flow of the model,

Figure 2: Process Flow Chart should be examined. This

figure depicts the possible "paths" through the model. 1t
shows all the processes that may activate a given process
L—.v.v? -
}5 and all the processes that may be activated by that same
.“:J.
EQQ process. In addition, the interested user should refer to 4
.r_:-'
5;3 Appendix B: Glossary of SIMSCRIPT Terms for an explanation
Ol
E}: of some of the terms peculiar to SIMSCRIPT, and to
’\‘:-.
ISﬁ Appendix F: Explanation of Program Terms, for a description
-,
Eif of the variable names, sets, entities and other items used
O
l;: in the program. For a more detailed explanation of the
=
N
;‘f .: 70
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SIMSCRIPT language, refer to the three texts by C.A.C.I.
(references 13, 18 and 19).

The line numbers cited on the left hand side of this
appendix refer to those in Appendix E. The topic headings
refer to the main sections and processes of the program in

Appendix E.

PREAMBLE
94 See routine DATE line 449. 1
L 4] See process IN.ACTION lines 429-630 1

(144-1335) These statements set up the system routines needed
to automatically gather statistics on the number
of spare, broken, and overdue engines.

144-147 MAX.PER.MONTH is the maximum number of spares
needed during a one-month period, after which it
is reset to zero and recalculated for the next
month ( see MONTHLY.STATISTICS). LIFE.MAX is the
maximum number of spares needed over the life of
the system. (see note 1| and TALLY/ACCUMULATE in
Appendix B)

148-1351 BROKENUM is the number of engines broken over the
life of the system. BROKESUM is the summation of !
the time all engines spend on base while broken. -
(see TALLY/ACCUMULATE in Appendix B) :

148-131 OVERNUM is the number of engines overdue over the -
life of the system. OVERSUM is the summation of
the time all engines spend on base while overdue
(see TALLY/ACCUMULATE in Appendix B)

166 SIMU? is the file containing the variable input
parameters. SIMU8 is the file to which all
program output is written.

72
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~ 192-193 The maximum number of engines that can be serviced
at any one time by each DEPOT is set at this
point. This capacity can be changed at a later
{ date by the DEPOT(1/2) .CAPACITY.SCHEDULE process.
N The original capacity of 200 units is equivalent
- to an "unlimited® service capacity, since the
maximum number of engines the depot would be
required to service at any one time is 115 spares
and 4 to 5 OTL test engines.

P

PPN

MAINTENANCE
A 216-217 This months (COUNT = month) MAINTENANCE.RECORD is
N updated by tallying the type of maintenance to be
o performed (INDEX) on the incoming engine. INDEX
- is obtained from the TYPE.SERVICE attribute of the
N engine.
- 218-219 After this point, the type of service indicator

(INDEX) is set to indicate LIMITED (1) or FULL
(2) for use in controlling which engines are
. conver ted. Since all types of maintenance except
Y limited are of the 1longer duration, they are
treated as fulls,

221-222 These statements insure only the F167-101 type

engine is converted, the current simulation time

(TIME.\Y is past the start-conversion date, and

the conversion quota for that engine type

(MAY .CONVERT) has not been exhausted. The conver-

- sion period is open-ended on the back side to

& insure all engines will eventually be converted,

N since some of them may be out of cycle during the
y schedulied conversion period.

j . 224 All conversion are complieted at DEPOT1 only.

229 The time required to REPAIR and engine is equal to
the time required for a FULL overhaul.

231,235 After an overhaul of one type <(REPAIR/FULL, or
LIMITED>, the next overhaul will be of the oppo-—-
site type (LIMITED or FULL).

o WA LIPS A

238 Maintenance performed on engines that are con-
verted is double-counted. Both the scheduled
maintenance (FULL, LIMITED, REFURB, or REPAIR) and
the actual maintenance (CONVERSION) is recorded.

73
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o

ﬁg 241,244 Both CONVERSIONs and REFURBishments require a sub-
ﬁyf sequent LIMITED overhaul.

35

A 249 The engine’s attributes indicating when
2 maintenance was performed and when it will be due
- again are updated in routine DATE. -
~: \:

o 2390 I1¥f the engine has been counted as a required
- sipare, this statement removes it from the spares

U requi~ed counter and updates its attributes to

e reflect that it is no longer a required spare,
RAS (see note 1)

;f 251-237 I1¥f the engine came from the PRODUCTION.POOL, it
; had failed or became overdue before its assembly

- with an airframe and before being shipped to a

b, base. These statements return it to the PRODUC-

k§< TION.POOL to eventually by shipped out to a base.
;g 239-263 1f the engine came from an OTL missile, it must be
Y replaced in that missile and returned to its
- originating base. It is not a spare engine
A available for general use. (see note 2)

;? 247-277 If the repaired engine is the only available
s spare, indicated by both DEPOT’s repaired stocks

b (N.REPAIRED.SET>) being empty (), and a demand

e already exists for a spare engine (there is an
e engine in the TAKE.SET or EARLY.OVERHAULs are
;? authorized), the engine is immediately sent to be

A used as a spare (IN.ACTION is activated with a

53 specific MSL). Otherwise, the engine is placed in
~ the appropriate repaired stock (REPAIRED.SET) and

e the system is notified of its availability

L (IN.ACTION is activated without a specific MSL).

3

. NE. RAT

A

%;I 284-284 This process is active for a two-year period (1982

;Q; and 1983), twelve months a year (1 to 12) and five

'ﬂi times per month (1 to 3.

o

g 288 1f the number of spare engines toc be produced

2§~ (NUMBER.SPARESY> has been reached (L), the process
N is terminated.

l-f.-

*i{ 291 This statement simulated the random nature of the

if spare engine production schedule, “creating®” the

D engine within plus-or-minus two days <(uniformly

R distributed) of its scheduled production date.

.\- ,.
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.2; 293-298 These statements initialize the attributes of the
o newly created engine, defining its character-
'*5 istics.

\?

Y 299 All spare engines are produced at the MWilliams
g? plant (also DEPOT!).

2 300-318 See MAINTENANCE, lines 247-277.

U

.'_\

Y

3: T . 18

"\

o1

' 320 Reads from input file SIMU11,

A

{} 320-326 Reads the number of days past simulation start-up
o to schedule a test (TEST.DAYS) and the type of
o test to be scheduled <(TEST.TYPE). Then it
&N schedulies the process TEST.PICK to select a test

engine/missile. This is repeated for the number
of tests to be performed (NUMBER.TESTS).

[

sy

JEST.PICK

L2

’.
et
L3

Y 332-333 Selects a missile (PICK) from the set of
o operational missiles (ALERT.MISSILE.SET) for test-
S ing. The missile selected is the oldest one that
AN has not already been selected for testing
) (TEST.STATUS = NONE)> and is not already being
” processed for an overhaul or repair (CLAIM not
- equal to TAKEN) .

ii 334 Assigns the type of test the engine will undergo
4 to TEST.STATUS.

[ ]

"o (335-345> For EVIP tests only.

k{ 336-344 See MAINTENANCE lines 267-277, but substitute
N TAKE.SET for REPAIRED.SET. <(see note 1)

..

Py (344-368) For OTL and JTA tests only.
5

346-347 Missiles selected for testing are not counted as

g overdue (they are not part of an operational
o force).

’6: 356 OTL and JTA missiles are automatically removed
;\ from the ALERT.MISSILE.SET since the do not
o~ require a spare engine.

I

!
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o~
:' f":
bﬁ 334-3546 OTL missiles are shipped to the test site for
:2. testing. (see note 2)
e
Ty 397-35¢9 JTA missiles are considered destroyed at this |
i,. point since they no longer add to or subtract from :
30 the variables of interest in the simulation 4
- +
'..\ ‘
U MISSILE .PRODUCTION
o
e 358 Reads from input file SIMU13. ;
X ~.‘--l
N 376 If no missiles are to be shipped that month, sKkip 1
. to process the next month.
E: 377 Break the shipment of missiles for the month
R (MSL .PRODUCTION.NUMBER) into four equal shipments
4{& {NUMBER.TO.SEND) .
1 378-~382 For the first three shipments of the month ( days
A 7,14, and 21, plus or minus 2 days) indicate the
"y NUMBER.TO.SEND to process SHIP.MISSILE.
Aﬁﬁ 383 Ship the remainder of missiles for the month on
€ the twenty-eighth day of the month.
‘ 13
S
i SHIP.MISSILE
g.
- 393 Ship the number of missile received from
o MISSILE.PRODUCTION, one at a time.
o
N 396-398 If a missile is available from the missile
I stockpile (PRODUCTION.POOL), select it.
—— 399-460 1f no missiles are available, wait one day and try ‘
‘o it again.
lt':' |
jé’ 4935-~-4046 1€ the current base’s quota of missiles j
o (BASE.MISSILE.RGMT) has not been filled (equal to
6' BASE .MISSILE.COUNTER), ship a missile (activate a
e DEPLOY) to that base and increase that base’s
NN total by one. (see note 2 i
\",\ |
ltf, 487-410 If the currents base’s quota has been filled,
&‘- - °
\? begin shipping to the next base.
.
P>
e
P,
o
! ‘.'. 3 !
! 78 \
-’ 1
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ENGINE . PRODUCTION

428
428

429

430-434

Reads from input file SIMU1S.

1f no engines are to be produced that month, sKkip
to the next month.

Calculate the time interval (DATE.TO.MAKE.ENGINE)
between each engine’s production for the month.

Schedule a CREATE.ENGINE every time interval until
the number of engines to be produced that month
has been reached.

CREATE .ENGINE

442-448
449-450

4357

438

439

481

See SPARE.ENGINE.GENERATION lines 293-298.

Original-production engines are shipped to BOEING
and place in its missile PRODUCTION.POOL. Since
engine production is so far ahead of missile
production, and is projected to stay so, no time
delay is required for this shipment.

The current simulation time (TIME.V) is recorded
as the production/overhaul date of the engine in
the attribute START.DATE.

If a randomly selected number between zero and one
is less than the ENGINE.FAILURE.RATE, the engine
will be scheduled to fail prematurely. This
process simulates the probability of a random
engine failure, one of the variable factors in the
model .

The length of time an engine lives before a fail-
ure is assumed to be uniformly distributed over
the normal life for that type of engine <(TERM).
The failure date is calculated as the current time
(TIME.V) plus a uniform portion of its normal life
[RANDOM.F(STREAM3) % TERM(TYPE(ENGINE)-100)1].

Since the engine will fail, its next service type
will be REPAIR.
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442 The process FAILURE.ACTION is activated on the
date the engine will fail. This is the “flag*
that 1lets the system know an engine has failed.
This is based on the assumption that the engine’s
failure is detected on that date. Thus the model
Keys on the failure detection date, not the actual
(unknown) failure date. The failure rates used by
the model are actually failure detection rates.

444 I¥ the random number selected is greater than or
equal to the FAILURE.RATE, the missile will last
its normal life.

444 For an engine that lasts its normal life, the
process OVERDUE.ACTION is activated TRANSPORT.DAYS
before the engine’s overdue date. This parallels
the real-worid system, where a spare engine would
be ordered for a soon—-to-be-overdue engine early
enough to arrive on or before the date it is
needed.

4469 The RANK.DATE is set to the normal life of both
failure and overdue engines. Engines are then
placed in the ALERT.MISSILE.SET oldest RANK.DATE
first. This sequences all missiles for test
selection from the ALERT.MISSILE.SET based on
their normal lifetime. Since a failure is not
detected until it happens, test selection should
not be biased because of an event that has not yet
happened (the future failure). Test selection is
based on using the engine closest to its
expiration date (the oldest engine of its type on
base) . I1f engines were sequenced according to
their DATE.EXPIRES, only soon to fail engines (if
any were on base) would be selected for testing,
obviously biasing the tests.

SCHEDULE . CONVERS] ON
477 Reads data from input file SIMU17,

479-482 Schedules a CONVERT the first day of every month
from January 1988 through December 19%1.

488 Reads data from input file SIMU1?7.
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489-491 Reads each month’s quota for conversions for both
types of service (LIMITED = LIMITED quota; FULL,
REPAIR, REFURBish = FULL quota), and adds these
quotas to the amount remaining from last month.
(see MAINTENANCE lines 218-222)

L 4

5195 Places the engine in the TEST.SET prior to
testing. This identifies the engine as being
tested if it fails or becomes overdue while under-
going a test.

S516-520 Simulates testing by delaying processing for the
amount of time required for the test (EVIP.TEST or
OTL.TEST days)

521 Checks to see if the engine is still in the
TEST.SET. If not, the engine has failed during
the test (FAILURE.ACTION has occurred), and the
engine has been previously removed from testing.
If so, the process is terminated.

922-5246 If this is an OTL missile that has been recovered
after testing (RANDOM.F(STREAM1) is greater than
the RECOVERY.FAILURE.RATE), or is an EVIP test
engine, ship the engine/missile to the depot for
service.

527-529 Missile is an OTL that was not recovered and is
thus destroyed.

OVERDUE .ACTION

535-537 1¥f the DATE.EXPIRES of the engine being processed
is not equal to the current simulation time
(TIME.V), this OVERDUE.ACTION is the originally
scheduled process for an engine that has been
selected for testing, and refurbished (thus
receiving a new DATE.EXPIRES) before its original
overdue date. These statements terminate this
“ghost® OVERDUE.ACTION.

338-540 If the CLAIM of the engine is TAKEN, the engine is
being worked on by another process (possibly
TEST.PICK) . This OVERDUE.ACTION must be delayed
until the previous one is complete (a maximum of

9
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o TRANSPORT.DAYS).  This precludes having two
0 processes trying to handle an engine at the same
) time <(which causes the system to make a “double”
T of the engine).
'ft (3541-353) For those engines in the ALERT.MISSILE.SET when
}: they become overdue:
t: 9433552 See MAINTENANCE 1lines 247-277, but replace
REPAIRED.SET with TAKE.SET.
ﬁi 354-5357 For those engines in the depot stock of repaired .
o engines when they become overdue: remove them from
K-." the repaired stock and initiate servicing at
R DEPOT1. _
id 338-3542 For those engines at BOEING when they become
N overdue: remove them from the BOEING stock and
o initiate servicing at DEPOTI.
-
. 563-567 1 an engine is INTRANSIT (being shipped from one
pluce to another) when it becomes overdue: it
;\j cannot be handled by the model until it arrives at
o it destination (unknown by the model?>. Delay this
v) OVERDUE.ACTION until the engine arrives at its
o destination (its arrival time is a maximum of
24 TRANSPORT .DAYS away) . Then reinitiate this pro—
; cess from the beginning.
o FAILURE .ACTION
),
. 574-578 See OVERDUE.ACTION lines 3535-337.
e
ﬁﬁ 529-581 See OVERDUE.ACTION lines 538-540.
N
B (382-593) For those engines that have failed while in the
bl ALERT .MISSILE.SET: .
ﬁj 586 As opposed to overdue engines, failed engines
:}- cannot be used as operational missiles and are J
a thus removed from the ALERT.MISSILE.SET.
’ 587-5%94 See OVERDUE.ACTION lines 3545-3547 and 548-3552.
- '
fﬁ 596-4680 See OVERDUE.ACTION lines 3554-557.
Ay
? 481-4095 See OVERDUE.ACTION lines 5358-562.
0.
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406-610 As opposed to an engine that becomes overdue while
being tested (where the overdue is ignored), an
engine failure occurring in a test must be removed
from the test and shipped to DEPOT1 for servicing.

.. This assumes that and engine will not continue to

ot be tested after it has failed. (see note 2)

'.
- %";’W’%“ ,'l‘ . Y 1 Q

~-

~ 611-615 See OVERDUE.ACTION lines 343-567.

N.A

626 I¥f an outgoing engine (one due for replacement)
has already been identified by the system (FLAG is
greater than 100>, there is no need to search for
another engine to replace. Skip the following
statements and transfer control to line 444.

»~

CA A
20000

(l

626-430 If an engine has not been identified for
replace the system must initiate a search for
the most eligible engine. Since engines are
placed into the TAKE.SET with a priority code
attributc (STATUS), the most eligible engine will
be at the beginning of the TAKE.SET. Lines 629
and 636 look in the beginning of the TAKE.SET and

A find the first engine that is not TAKEN and as-

signs its memory location to the variable FLAG.

Puj * v v 2
"' -I ...’.-C ‘-l \"k’

“«

431-433 If such an engine has been found, the outgoing

:i engine has been identified and control passes to
) line 6446.

'gj 434 If there is no eligible engine in the TAKE.SET and
£l EARLY .OVERHAULs are authorized:

;Z 635-638 A search is made of the ALERT.MISSILE.SET to find
® the engine closest to its RANK.DATE, not CLAIMed,

- and with no STATUS code (indicating an engine that
has been selected for a test, is overdue, or
broken) . 1f such an engine has been found, the
outgoing engine has been identified and control is
passed to line é444.

448-445 If no eligible engine has been identified for
replacement, the incoming spare engine, if any
(indicated by MSL not equal to zero), is shipped
back to DEPOT! as a spare resource and the process
is terminated.
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tf* 446—-449 Once the outgoing engine has been identified, a

o check is made (MSL greater than 180) to see in an

e incoming spare engine has alsc been identified.

;r 1¥ so, control is passed to line 443. -

AU

ﬁt 630-662 If no incoming spare engine has been identified, a

e, search of the repaired stocks is made to locate

fﬁ one. Priority is given for selection from DEPOTI.

s If its stock if spare engines is equal to or

W) greater then DEPOT2’s (and not zero), the oldest

N spare engine is selected from the DEPOT! repaired

ﬁf engine stock. I¥ DEPOT2 has more spares than 4
.;f DEPOT1 (but not zero), the oldest spare engine is

o selected from the DEPOT2 repaired engine stock.

L

If no spare is available from either stock, the
outgoing engine is placed in the TAKE.SET (if it
is not already in it and it is not an
EARLY.OVERHAUL engine [ STATUS = NONE ] ), and the
process is terminated.

.

l'l
.

AL
LI T

’

683-667 1f both an ocutgoing engine and an incoming engine
. have been identified, the outgoing engine’s CLAIM
S is set to TAKEN (to preclude its selection for
g removal by another process) and an ENTER.BASE is
A scheduled in TRANSPORT.DAYS. (see note 2)

ENTER. BASE

.h;.-

-: ‘:.I

#% 474-4678 Even though an engine has been identified for
< replacement by the process IN.ACTION, it has been
_f TRANSPORT .DAYS since that has happened. During

this time, some other engine at the same base with
oy a higher priority could have become eligible for
e replacement. If so, and no spare engine was
e immediately available for its replacement, it
would have been placed in the TAKE.SET. So a

check must be made of the TAKE.SET. I+ it is .
" empty, there can be no other engines of a higher
‘{} priority, so the previously identified engine
<}$ (FLAG) will be replaced (ENG.OUT = FLAG> and y
- control is passed to line 489.
3

= 479-682 1¥ other engines are in the TAKE.SET, it must be

- checked for higher priority engines. This is
accomplished by placing it in the TAKE.SET (if it
is not already there and it is not an
EARLY.OVERHAUL engine), to assume its rightful
place in the "replacement pecking order®. Its
CLAIM must first be cleared to allow it to be
chosen from the TAKE.SET.
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683-487

(489-710)
690-693

694-695

696~-762

784-709

711-713

A check is then made of the TAKE.SET to select
the highest priority engine (at the previously
identified engine’s base) for replacement. If one
is found (which could be the previously identified
one) , its memory location to the variable
ENGINE.OUT.

These statements process the outgoing engine.

An outgoing engine identified for an EVIP test
(TEST.STATUS = EVIP), that has not failed, is
shipped to the test site. (see note 2

An engine selected for an EVIP test that has
failed (STATUS = BROKE) is sent to DEPOTtI for
servicing instead of the test site.

The counter for the number of engines overdue or
broken <(as appropriate) is decremented by one.
The engine is removed from the base and the
counters only track those on a base.

The outgoing engine is removed from various on-
base set if it is in them.

The incoming spare engine’s location is set to the
base of the engine it is replacing, and the engine
'(now in an operational missile) is placed in the
ALERT .MISSILE.SET.

P LCAPACITY HEDULE

723
724
723

726
728

729

Reads data from input file SIMU1?.
Continues on only if there is more data to read.

Reads in the new servicing capacity for DEPOT!
(CAPACITY) and the date of the change in CAPACITY.

Delays until change date.

Releases the number of units of DEPOT1 capacity it
previously preempted (OLD). This gives the maxi-
mum capacity back to the DEPOT.

Preempts CAPACITY units of DEPOT! servicing capa-
city by requesting them with a high (#1) priority.
For example, if the new capacity was supposed to
be 3@ units, it would preempt 200-56 or 130 units,
leaving 50 units for the DEPOT to use. 1+ 130
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units were not available at this time, it would
wait and preempt them as they became available.

7236 The new CAPACITY is assigned to the variable O0OLD
to be released in the next change.

733 Control is passed back to line 741 to check for
further changes.

DEPOT2.CAPACITY, SCHEDULE

738-753  See DEPOT1.CAPACITY.SCHEDULE lines 719-734

HALT A sample of the output generated by this process
is presented in Appendix A: Sample Output
Summary. The output has been reformatted for in-
clusion in this paper. The content, however, has
not changed from that generated by this process.

839-831 The counters BROKENUM and OVERNUM are the number
of engines broken and overdue during the life of
the system. BROKESUM and OVERSUM are the total
amount of time broken and overdue accumulated by
these engines. The system generated routines used
track these values double-counts the engines in
question. One is counted when an engine is added
to the counter and one is counted when the same
engine is subtracted from the counter. Thus the
actual number of engines brokKen or overdue is one-
half of that indicated by the counter. Variables
B2 and 02 contain the correct numbers.
BROKESUM/B2 and OVERSUM/02 give the average time
broken or overdue.

[ 852 After all the statistics are printed out the
b program is terminated.
. ]
ol
‘ HLY.STATISTIC
8406 The month being processed ( the variable COUNT) is

incremented each time the process is activated
( each month).
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~ 861-8462 The 1local variables are reset for each months
i& calculations.

e
{,' 863-876 The average age of each type of engine in the
A ALERT.MISSILE.SET is calculated each month. Each

engine in the ALERT.MISSILE.SET is examined and
its age (current time - START.DATE) is summed in
~ the variables TOTAL1 (for 101‘s)> or TOTAL4 (for
. 104’s) . The number of each type of engine is
tabulated in the variables DIVISOR1 and DIVISORS.
- The summed ages of each type are then divided by
e the total number of each type, gqgiving average
s ages. These values are then assigned to the

o AVERAGE .AGE array for that month. To preclude
I division by zero (if there are no engines of a
\ given type), any zero-valued divisor is set equal
‘.':: to 1.

- 877 The maximum number of engine required by the

system over the last month (see note 1) is
=\ assigned to the SPARES array for that month.
Since this process is activated on the first day

f{ of each month, the statistics given for that month
.ﬂ are derived from and apply to the previous month’s
- data. The statistics in the model, as those in
. the real world, are always a month behind.

N g878-881 If the maximum number of engine required for this
N month is greater than any previous month, the
% increase in engines required is recorded in the
-3 SPARES array for the month, and this month’s
‘i spares requirement is saved in the variable LAST!
. to be used as the new comparison value in the
-J upcoming months.

"

'ﬁ 882 All monthly statistics are reset to zero.

2

bl SHIP

.':.'

i} 887-888 The time the engine will arrive at its destination
:ﬁ (the current simulation time [time.v] plus
'i' transportation time [(TRANSPORT.DAYS] > is assigned
— to the engine’s ARRIVAL attribute, and the
o engine’s SHIPPING.STATUS is changed to reflect its
b shipment C(INTRANSIT). (see note 2)
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(\
': 893 Deployment base numbers range from 3 to 8, but the
A SHIP.MISSILE process ranges them from 1 to &, this
Zf‘ line adjusts the difference.

1?’ 896-897 The incoming missile arrives and is placed in the
e ALERT .MISSILE.SET as an operational asset.

U

$ ADD,TQ, SPARES , COUNT
. . 903-986 1§ the engine is not already counted as a spare or 1
ol as requiring a spare, it is added to the spares
~0 requirement counter (NUM.SPARE) , and its
;f SHIPPING.STATUS is changed to indicate it is a
W SPARE. (see note 1)
\t

i\‘n

2y SUBTRACT .FROM . SPARE . STATUS

-\-A

23

N ?12-913 I¥f the engine was previously counted as a spare
. (SPARE .STATUS = SPARE), its SPARE.STATUS is
2N changed to indicate it is not a spare, and the
*: spares counter (NUM.SPARES) is decremented by one.
r'-

N

W FR R

~ -

L

N 921-935 This routine is called when an engine is in one of
<« the DEPOT’s REPAIRED.SETs but the particular set
™ is not Known. This is an idiosyncrasy of the
al SIMSCRIPT 1language where a entity is placed in a -
Ny subscripted set (one of the sets owned by the
A DEPOTs), it cannot be directly examined to deter-
v mine whjch set it is in. Without this kKnowledge, )
ﬁ- it cannot be successfully removed from the set.
" This routine overcomes this system fault by
,, examining each set until it locates the engine in
)Q; qQuestion. 1t then can be removed since it is now
55 Known which set it is in.

o

.
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NOTE 1

The mode! was designed to indicate, at any given time,
the number of engines that are being used as spares engines
or require a spare engine. 1f an engine is being trans-
ported from a base to the DEPOT for repair, it is not avail-
able for use as an operational asset and thus is being used
as a spare engine. The samé is true for engines selected
for EVIP tests, they are unavailable for operational use
while being transported to and from the test site and while
in the test program. They also require a spare engine to
replace them in the missile they were removed from. Engines
undergoing maintenance and servicing are also being used as
spares.

If a demand for a spare engine oxists' that cannot be
immediately filled <(as when an engine on base fails and
there are no spares on that base), a demand for a spare
engine is created beyond the number of spare engines being
used as spares. This demand stil)l exists while the replace~
ment engine is being shipped to the base, but has not yet
arrived.

Engines not counted as spares include those being
transported to meet a demand (to do so would double-count
the spares requirement, once for the engine being shipped
and once for the demanding engine). Also excluded are OTL
test engines. Since the airframe goes with the engine for

an OTL test, there is no demand for a spare, nor a place for
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a spare to reside (as with the EVIP test engine). Finally

those engines in missiles not yet deployed to bases are not

being used as spares, nor creating a demand for a spare.

NOTE 2

To simulate the shipment of an engine or missile from
one place to another, the PROCESS that controls the receiv-
ing activity for the engine is scheduled TRANSPORT.DAYS (the
number of days it takes to ship an engine from one place to
another) later. This simulates the time delay due to trans-
portation. While the engine is being "transported®, it is
unavailable for processing by any other activity. To indi-
cate this, its SHIPPING.STATUS is set to INTRANSIT, and the
date it will arrive at its next activity is assigned to its
ARRIVAL.TIME attribute. Both of these actions are accom-

plished by the SHIP routine.
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Appendix D: Input Files SIMU? and SIMU?

SiMuz

The following file is the first combination of the thirty-
two different SIMU? files. These files are used to change
the independent variables in the simulation. The values on
the left side of the file are changed to reflect the
specifications shown in TABLE VII.

so1

4 DAYS.REQUIRED.TO.TRANSPORT .UNIT

40 DAYS.FOR.OTL.TESTING

40 DAYS.FOR.EVIP.TESTING

0.1 LOSS.RATE.FOR.OTL.TESTING

30 #.0F .DAYS .NEEDED.FOR.TEST . REFURBI SHMENT

30 #.0F .DAYS .NEEDED.FOR.FULL . OVERHAUL

é #.0F .DAYS.NEEDED.FOR.LIMITED.OVERHAUL

30 #.0F .DAYS.NEEDED.FOR. 101.T0. 104. CONVERS!ON
8.8 MISSILE.FAILURE.RATE
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SIMUP

This file reflects values for factors that will be con-
sidered constants for this research effort. Future research
efforts may change these values based on the assumptions
made in their research.

1 MONTH.SYSTEM.STARTS

1 DAY .SYSTEM.STARTS

1981 YEAR.SYSTEM.STARTS

31 DAY . CONVERSIONS . END

1 MONTH.CONVERSIONS .END

1991 YEAR.CONVERSIONS.END

1 MONTH.SYSTEM.ENDS

1 DAY .SYSTEM.ENDS

2881 YEAR.SYSTEM.ENDS

1 MONTH.OCALC.OPENS.FOR.BUSINESS

1 DAY .0CALC.OPENS.FOR.BUSINESS

1989 YEAR.OCALC.OPENS.FOR.BUSINESS

1 MONTH.ENGINES .BEGIN.TO.BE.CONVERTED.TO. 104’S
1 DAY .ENGINES.BEGIN.TO.BE.CONVERTED.TO.104’S
1988 YEAR.ENGINES.BEGIN.TO.BE.CONVERTED.TO.184’S

1 STREAM .NUMBER. 1
2 STREAM .NUMBER.2
3 STREAM.NUMBER.3
9 STREAM .NUMBER. 4
3 STREAM .NUMBER. 5

912 NUMBER.OF .DAYS .WARRANTED.LIFE.FOR.A.181.ENGINE
1825 NUMBER.OF .DAYS.WARRANTED.LIFE.FOR.A. 184 .ENGINE ;
é NUMBER . OF .BASES ‘
115 NUMBER.OF .SPARES.ALLOWED.IN.SYSTEM ]
286 BASE.1.MISSILE.REQUIREMENTS l
286 BASE.2.MISSILE.REQUIREMENTS !
286 BASE.3.MISSILE.REQUIREMENTS *
286 BASE.4.MISSILE.REQUIREMENTS |
286 BASE.S5.MISSILE.REQUIREMENTS !
285 BASE.&.MISSILE.REQUIREMENTS

208 MAXIMUM.MONTHLY.CAPACITY.FOR.DEPOT1 ‘
200 MAXIMUM.MONTHLY .CAPACITY.FOR.DEPOT2 ‘
EARLY . OVERHAUL . OK?(YES= 18 ,NO=8)
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Appendix E: Program Listing

/’ALCM ENGINE SIMULATION PROGRAM

77¢BY D. RICKARD & T. SCHOMMER)

PREAMBLE
NORMALLY MODE 1S INTEGER

‘REDEFINE VARIABLES TO INSURE UNIQUE VALUES FOR SIMILAR
‘“VARIABLE NAMES

DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE
DEFINE

PROCESSES

SPARES TO MEAN S2PARES
SPARES . COUNT TO MEAN CSPARES
ENGINE .PRODUCTION TO MEAN PENGINE
START.YR TO MEAN S1TART.YR
START .MO TO MEAN S2TART.MO
START .DATE TO MEAN D.START.DATE
STREAM4 TO MEAN 4STREAM4
STREAMS TO MEAN 3STREAMS
CONVERT.YR TO MEAN SIWITCH.YR
CONVERT .MO TO MEAN S2WITCH.MO
CONVERT . DAY TO MEAN S3WITCH.DAY
STREAM1 TO MEAN 1STREAM1
STREAM2 TO MEAN 2STREAM2
TEST.PICK TO MEAN 4TEST.PICK
DATE.EXPIRES TO MEAN SDATE.EXPIRES
ENGINE. ID.NUMBER TO MEAN E.ID.NUMBER
MISSILE.PRODUCTION TO MEAN MISL.PROD
BASE.MISSILE.COUNTER TO MEAN C2BASE .MSL
REPAIR TO MEAN RIEPAIRED
NUMBER TO MEAN NUM
ENGINE.IN TO MEAN ENG.IN
ENGINE .OUT TO MEAN ENG.OUT
CONVERSION TO MEAN CONV
NUMBER . BASES TO MEAN NUM.BASE
TRANSPORT .DAYS TO MEAN TRANS.DAYS
MAINTENANCE . RECORD TO MEAN MAIN.REC
WORK.STATIONS. IN.USE TO MEAN IWSTATION
SPARE . STATUS TO MEAN SPSTAT
CONVERT TO MEAN CNVRT
ENGINE.SEQUENCE.NUMBER TO MEAN E.SEQ.NUM
DEPOT1.CAPACITY.SCHEDULE TO MEAN D1SCHED
77 33 336 3 36 38 36 36 36 3 36 3 J6 36 36 26 36 26 J6 36 JE 36 3 I 36 36 36 3¢ 26 36 36 26 3 I 36 3 I 36 2 36 36 36 36 6 3 36 36 36 3¢ 3¢ 2 3¢ X
INCLUDE DEPOT 1 .CAPACITY.SCHEDULE,
DEPOT2.CAPACITY .SCHEDULE,
SPARE . ENGINE . GENERATION
EVERY ENTER.BASE HAS AN A1, AN A2
EVERY MAINTENANCE HAS A B1, A B2
EVERY SHIP.MISSILE HAS A C1
EVERY TEST HAS Ao DI
?1
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‘’ PREAMBLE CONTINUED

PROCESSES
INCLUDE  CONVERT,
CREATE .ENGINE,
ENGINE . PRODUCTION,
HALT,
MONTHLY .STATISTICS,
MISSILE.PRODUCTION,
SCHEDULE . CONVERSION,
TEST.GENERATION
EVERY  DEPLOY HAS A T1, A T2
EVERY IN.ACTION HAS A Q1, A Q2
EVERY  FAILURE.ACTION HAS A R1
EVERY  OVERDUE.ACTION HAS A Si
EVERY  TEST.PICK HAS A FO
EVERY  TRANSPORT HAS A G1,A 62,
A 63
2 2 3636366263362 36 3636 630363636 3636 3636 36 3 3 36 36 2636363 36263636 26 6 6 2 36 3 30 262606 0 0 X XXX

PERMANENT ENTITIES
EVERY  DEPOT OWNS A REPAIRED.SET
EVERY  BASE HAS A BASE.MISSILE.COUNTER,
A BASE.MISSILE.RGMT
THE SYSTEM OWNS AN ALERT.MISSILE.SET,
A PRODUCTION.POOL,
A TAKE.SET,
A TEST.SET
2 2 XRAAARANANNNNNNHNNNK KX EIIONENMHII XXX XXX XX XXX XXXXK
GENERATE LIST ROUTINES
TEMPORARY ENTITIES
EVERY ENGINE HAS AN ARRIVAL.TIME,
CLAIM,
ENGINE . 1D .NUMBER,
DATE .EXPIRES,
LOCATION,
RANK . DATE ,
SHIPPING.STATUS,
START .DATE,
SPARE . STATUS,
STATUS,
TEST.STATUS,
TYPE,
TYPE.SERVICE AND
ALERT .MISSILE.SET,
PRODUCTION.POOL ,
REPAIRED.SET,
TAKE . SET,
TEST.SET

MAY BELONG TO

DDDDE)DDDDDD))EED

INHIBIT LIST ROUTINES

¢ 7 %3336 3 36 36 2 I8 3 JE 36 3 IE € JE 36 3 26 36 3 3¢ 36 I6 7€ JE 36 3 36 3 36 36 36 36 3 36 36 36 JE 3¢ 3 36 6 I 26 3 I 3¢ 3 3 3¢ 3 X %
DEFINE ALERT.MISSILE.SET AS A SET RANKED BY

LOW RANK.DATE

DEFINE TAKE.SET AS A SET RANKED BY HIGH STATUS,THEN BY
LOW DATE.EXPIRES

92




’’ PREAMBLE CONTINUED

- 96 ¢ 2 HNOHNNHHHNOGOONENENENEEREENENENENINNENIENENXNXNK
2 97 RESOURCES INCLUDE WORK.STATION
98 ¢ 2 XXXHVOOONOOOHHOOOENENNNNNNNONNENNENEEXNNEE

\ 99 DEFINE LOC.REPAIRED.SET TO MEAN 1
s, 108 DEFINE LOC.PRODUCTION TO MEAN 9
2 101 DEFINE YES TO MEAN 10
2. 102 DEFINE INTRANSIT TO MEAN 20
o 103 DEFINE BOEING TO MEAN 30
\ 104 DEFINE OTL.TEST.SITE TO MEAN 48
= 185 DEFINE EVIP.TEST.SITE TO MEAN S@
2 106 DEFINE TAKEN TO MEAN 78
2 107 DEFINE LIMITED TO MEAN 100
! 188 DEFINE FULL TO MEAN 200
&4 189 DEFINE REPAIR TO MEAN 309
. 118 DEFINE REFURB TO MEAN 400
X 111 DEFINE CONVERSION TO MEAN 500
~ 112 DEFINE NONE TO MEAN 480
v 113 DEFINE DUE TO MEAN 610
= 114 DEFINE BROKE TO MEAN &30
: 115 DEFINE SPARE TO MEAN 450
_ 116 DEFINE OTL TO MEAN 700
) 117 DEFINE EVIP TO MEAN 800
2 118 DEFINE JTA TO MEAN 900

119 77 363333 6 36 38 2 36 36 36 36 36 JE 36 3 36 36 36 36 36 36 26 36 26 36 36 36 36 36 26 36 36 36 36 3 36 36 36 36 36 6 36 6 36 X JE 36 36 3¢ 3 3¢

FAl

120 DEFINE AVERAGE.AGE AS AN INTEGER, 2-DIMENSIONAL ARRAY
121 DEFINE MAINTENANCE .RECORD
) AS AN INTEGER, 2-DIMENSIONAL ARRAY
oy 122 DEFINE WORK.STATIONS.IN.USE
4 AS AN INTEGER, 2-DIMENSIONAL ARRAY
- 123 DEFINE SPARES AS AN INTESBER, 2-DIMENSIONAL ARRAY
N 124 DEFINE TERM AS AN INTEGER, 1-DIMENSIONAL ARRAY
125 DEFINE MAY.CONVERT AS AN INTEGER, 1-DIMENSIONAL ARRAY
: 126 7 7 363 3% 3 3 36 36 36 3 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 3 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 3 36 36 36 2 3 %
Ny 127 DEFINE START.DAY, START.MO, START.YR,
DY, 128 END.DAY, END.MO, END.YR,
\': 129 OPEN.MY, opm.ﬂo, OPBI.YR,
A 130 CONVERT .DAY, CONVERT.MO, CONVERT.YR,
131 DAY .CONVERSIONS .END, MO.CONVERSIONS.END,
: YR.CONVERSIONS .END,
132 STREAM1, STREAM2, STREAM3, STREAM4, STREAMS
133 AS INTEGER VARIABLES
134 DEFINE CONVERSION.TIME, FULL.TIME, LIMITED.TIME,
REFURB.TIME,
135 NUMBER.BASES, NUMBER.SPARES,
OCALC.CAPACITY, WILLIAMS.CAPACITY,
134 TOTAL.MONTHS, TRANSPORT .DAYS,
137 EVIP.TEST, OTL.TEST, DESTROYED, COUNT,
138 NUM.BROKEN, NUM.OVERDUE, NUM.SPARE,
139 ENGINE .SEQUENCE .NUMBER, EARLY .OVERHAUL .OK
140 AS INTEGER VARIABLES
141 DEFINE RECOVERY.FAILURE.RATE, START.DATE, FAIL.RATE,
142 DATE .EXPIRES,RANK.DATE AS REAL VARIABLES
93
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“ *+ PREAMBLE CONTINUED
S 143 77 %6333 36 3 366 36 36 3 36 36 36 36 3 36 36 36 36 36 36 36 36 36 36 36 3 36 36 3636 36 6 36 36 36 36 36 36 6 36 36 36 36 36 36 3 3 % X
b 144 TALLY
, 145 MAX.PER.MONTH AS THE MONTHLY MAXIMUM,
- 146 LIFE.MAX AS THE MAXIMUM
AN 147 OF NUM . SPARE
N 148 ACCUMULATE
N 149 BROKENUM AS THE NUMBER,
150 BROKESUM AS THE suM
J 151 OF NUM . BROKEN
152 ACCUMULATE
o 153 OVERNUM AS THE NUMBER, :
) 134 OVERSUM AS THE SUM
o 153 OF NUM . OVERDUE
156 END )
1577 2 %3363 363636 36 3636 36 36 36 3 36 3636 36 36 36 3636 36 36 3E 36 36 36 36 36 36 36 36 36 36 36 36 36 36 36 3636 36 36 36 36 36 36 36 36 36 3 36 3¢
1358
159
ol 140
X5 161
., 162 MAIN
143 DEFINE 1,J AS INTEGER VARIABLES
= 164 DEFINE RZ,INFILE AS TEXT VARIABLES
ot 165 ’“ RZ 1S USED TO ACCOUNT FOR INPUT FILE COMMENTS
NN 166 USE 7 FOR INPUT USE 8 FOR OUTPUT
s 167 READ INFILE
) 168 PRINT 1 LINE WITH INFILE THUS
. 169 SOURCE FILE IS XX¥X
2 170 LET ENGINE.SEQUENCE.NUMBER = 1
- 171 RESERVE TERM(X) AS 4 RESERVE MAY.CONVERT(X) AS 2
A 172 READ TRANSPORT.DAYS,RZ,0TL.TEST,RZ,EVIP.TEST,RZ,
" RECOVERY .FAILURE .RATE,R2
- 173 READ REFURB.TIME,RZ
M 174 READ FULL.TIME,RZ,LIMITED.TIME,RZ,CONVERSION.TIME,RZ,
- FAIL.RATE,R2
2% 175 USE 9 FOR INPUT
2~ 176 READ START.MO,RZ,START.DAY,RZ,START.YR,RZ
s 177 READ DAY.CONVERSIONS.END,RZ ,MO.CONVERSIONS.END,RZ,
YR.CONVERSIONS .END,R2
178 READ END.MO,RZ,END.DAY,RZ ,END.YR,RZ ,0PEN.MO,RZ, -
OPEN.DAY ,R2
179 READ OPEN.YR,RZ,CONVERT .MO,RZ,CONVERT .DAY,RZ,
CONVERT .YR,RZ )
180 READ STREAMI1,RZ,STREAM2,RZ,STREAM3,RZ,STREAM4,RZ,
STREAMS ,R2
181 READ TERMC1) ,RZ,TERM(4) ,RZ ,NUMBER.BASES,RZ,
NUMBER . SPARES, R2

182 LET TOTAL.MONTHS = ((END.YR-START.YR)+1)¥X12+
(END .MO-START .MO) +1
183 RESERVE MAINTENANCE .RECORD(X,%X) AS TOTAL.MONTHS BY S
184 RESERVE AVERAGE.AGE(X,%) AS TOTAL.MONTHS BY 2
185 RESERVE SPARES(X,%> AS TOTAL.MONTHS BY 2
186 RESERVE WORK.STATIONS.IN.USE(¥,%> A8 TOTAL.MONTHS BY 2
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187 CREATE EVERY WORK.STATION(2) CREATE EVERY DEPOT(2)

188 CREATE EVERY BASE(NUMBER.BASES)

189 FOR EACH BASE

196 READ BASE.MISSILE.RGMT(BASE) ,RZ

191 READ WILLIAMS.CAPACITY,RZ,0CALC.CAPACITY,RZ,
EARLY . OVERHAUL . OK,R2

192 LET U.WORK.STATIONC 1) = WILLIAMS.CAPACITY

193 LET U.WORK.STATION(2) = OCALC.CAPACITY

194 CALL ORIGIN.R(START.MO,START.DAY,START.YR)

195 FOR 1 = START.YR TO END.YR

196 DO FOR J = 1 TO 12

197 ACTIVATE A MONTHLY.STATISTICS AT DATE.F(J,1,I)

198 LOOP

199 ACTIVATE A HALT AT DATE.F(END.MO,END.DAY,END.YR)

200 SCHEDULE A SPARE.ENGINE.GENERATION NOW

201 ACTIVATE A TEST.GENERATION NOW

202 ACTIVATE A MISSILE.PRODUCTION NOW

263 ACTIVATE AN ENGINE.PRODUCTION NOW

204 ACTIVATE A SCHEDULE.CONVERSION NOW

205 SCHEDULE A DEPOT1.CAPACITY.SCHEDULE NOW

204 SCHEDULE A DEPOT2.CAPACITY.SCHEDULE NOW

207 START SIMULATION

208 END

?3S
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214
213
216
217

PROCESS MAINTENANCE(MSL ,DEPOT .NUMBER)
DEFINE MSL ,DEPOT .NUMBER, INDEX AS INTEGER VARIABLES
LET SHIPPING.STATUS(MSL) = NONE
LET INDEX = TYPE.SERVICE(MSL)/ /100
ADD 1 TO MAINTENANCE .RECORD(COUNT , INDEX)
IF INDEX NE 1
LET INDEX = 2
ALWAYS
IF TIME.V )>= DATE.F(CONVERT .MO,CONVERT .DAY , CONVERT .YR)
AND TYPE(MSL) = 181 AND MAY.CONVERTC(INDEX) > @
LET TYPE.SERVICE(MSL) = CONVERSION
LET DEPOT.NUMBER = |
SUBTRACT { FROM MAY .CONVERT ¢ INDEXD
ALWAYS
REGQUEST 1 WORK.STATIONCDEPOT .NUMBER)
ADD 1 TO WORK.STATIONS.IN.USEC(COUNT ,DEPOT .NUMBER)
IF TYPE.SERVICE(MSL) = FULL OR TYPE.SERVICE(MSL) =REPAJ”~
WORK FULL.TIME DAYS
LET TYPE.SERVICE(MSL) = LIMITED
ELSE
IF TYPE.SERVICE(MSL) = LIMITED
WORK LIMITED.TIME DAYS
LET TYPE.SERVICE(MSL) = FULL
ELSE
IF TYPE.SERVICE(MSL) = CONVERSION
ADD 1 TO MAINTENANCE .RECORD(COUNT , 3
- WORK CONVERSION.TIME DAYS
LET TYPE(MSL) = 104
LET TYPE.SERVICE(MSL) = LIMITED
ELSE
WORK REFURB.TIME DAYS
LET TYPE.SERVICE(MSL) = LIMITED
ALWAYS
ALWAYS
ALWAYS
RELINQUISH 1 WORK.STATION(DEPOT .NUMBER)
CALL DATE(MSL)
CALL SUBTRACT .FROM.SPARE.COUNT GIVING MSL
IF LOCATIONC(MSL) = LOC.PRODUCTION
CALL SHIP GIVING MSL
CALL SUBTRACT .FROM.SPARE.COUNT GIVING MSL
WAIT TRANSPORT .DAYS DAYS
LET SHIPPING.STATUS(MSL) = NONE
FILE THIS MSL IN THE PRODUCTION.POOL
RETURN
ALWAYS
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‘ 27 PROCESS MAINTENANCE CONTINUED

RN 259 IF TEST.STATUS(MSL) = OTL

260 LET TEST.STATUS(MSL) = NONE

K 261 CALL SHIP GIVING MSL

b 262 SCHEDULE A DEPLOY(MSL,LOCATIONCMSL)) IN
o TRANSPORT .DAYS DAYS

R 263 LET LOCATION(MSL) = LOC.PRODUCTION

I 2484 ELSE

W 265 LET TEST.STATUS(MSL) = NONE

266 LET LOCATIONCMSL) = DEPOT.NUMBER

267 IF N.REPAIRED.SET(1) + N.REPAIRED.SET(2) = 9
o 268 IF N.TAKE.SET > 8 OR EARLY.OVERHAUL.OK = YES
<& 269 SCHEDULE AN IN.ACTIONCMSL) NOW

D 270 ELSE

o 271 GO HERE

. 272 ALWAYS

K 273 ELSE

.o 274 *HERE’

273 FILE THIS MSL IN REPAIRED.SET(DEPOT .NUMBER)
- 276 ACTIVATE AN IN.ACTION NOW

277  ALWAYS

e 278 ALWAYS

N3 279 END
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282

PROCESS SPARE.ENGINE.GENERATION

283 DEFINE I,J,K,L AS INTEGER VARIABLES

284
283
286
287
288
289
290
291

292

318
31?7
318
319

320
321
322
323
324
325
326
327

FOR I = 1982 TO 1983
DO FOR J = § TO 12
DOFORK=1TO S
DO
IF L = NUMBER.SPARES
RETURN
ALWAYS
WAIT DATE.F(J,KX3+RANDI .F(-2,2,STREAM4) ,1) -
TIME.V DAYS
CREATE AN ENGINE
LET TYPE.SERVICE(ENGINE> = LIMITED
LET TYPEC(ENGINE) = 101
LET ENGINE.ID.NUMBER(ENGINE) =
ENGINE . SEQUENCE .NUMBER
LET TEST.STATUS(ENGINE) = NONE
ADD 1 TO ENGINE.SEQUENCE .NUMBER
CALL DATE(ENSINE)
LET LOCATIONCENGINE) = LOC.REPAIRED.SET1
IF N.REPAIRED.SET(1) + N.REPAIRED.SET(2) = @
IF N.TAKE.SET > 8 OR EARLY.OVERHAUL.OK = YES
SCHEDULE AN IN.ACTIONCENGINE) NOW
ELSE
GO HERE
ALWAYS
ELSE
IHEREI
" FILE THIS ENGINE IN REPAIRED.SET(1)
ACTIVATE AN IN.ACTION NOW
ALWAYS
ADD 1 TO L
LOoOP
LOoP
LOOP
END

PROCESS TEST.GENERATION
DEFINE I, NUMBER.TESTS,TEST.DAYS,TEST.TYPE AS
INTEGER VARIABLES
USE 11 FOR INPUT
READ NUMBER.TESTS
FOR I = 1 TO NUMBER.TESTS
DO
READ TEST.DAYS,TEST.TYPE
ACTIVATE A TEST.PICK(TEST.TYPE) IN TEST.DAYS DAYS
LOooP
END
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A% 330 PROCESS TEST.PICK(TYPETEST)
< 331 DEFINE TYPETEST,PICK AS INTEGER VARIABLES
™~ 332 FOR EACH ENGINE OF ALERT.MISSILE.SET,
N WITH TEST.STATUS(ENGINE) = | ONE
N 333 AND CLAIMCENGINE) NE TAKEN, FIND PICK = ENGINE
33 334 LET TEST.STATUS(PICK) = TYPETEST '
333 IF TYPETEST = EVIP
N 336 IF N.REPAIRED.SET(1> + N.REPAIRED.SET(2) > @ AND
: N.TAKE.SET = @
33?7 SCHEDULE AN IN.ACTION(C®,PICK) NOW
™ 338 ELSE
> 339 IF PICK IS NOT IN TAKE.SET
< 340 FILE THIS PICK IN THE TAKE.SET
- 341 ACTIVATE AN IN.ACTION NOW
342 ALWNAYS
. 343 ALWAYS
o 344 CALL ADD.TO.SPARE.COUNT GIVING PICK
N 345 ELSE
N 346 IF STATUS(PICK) = DUE
o~ 347 SUBTRACT 1 FROM NUM.OVERDUE
- 348 LET STATUSC(PICK) = NONE
d 349 ALWAYS
350 REMOVE THIS PICK FROM THE ALERT.MISSILE.SET
e 351 IF PICK IS IN TAKE.SET
~ 352 REMOVE THIS PICK FROM TAKE.SET
- 353 ALWAYS
: 354 IF TYPETEST = OTL
\ 3ss CALL SHIP BIVING PICK
y 336 ACTIVATE A TEST(PICK) IN TRANSPORT.DAYS DAYS
Y 357 ELSE ’’ JTA
o 3s8 ADD 1 TO DESTROYED
< 359 ALWAYS
)i 368 ALWAYS
o 361 END
-
a::
<.
2
e
2
Ve
@
’
v,
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364 PROCESS MISSILE.PRODUCTION

363 DEFINE RZ AS A TEXT VARIABLE

346 DEFINE I,J,K,NUMBER.TO.SEND,MSL .PRODUCTION.NUMBER,
3467 DAY AS INTEGER VARIABLES

368 USE 13 FOR INPUT

- 349 READ R2

~i 370 FOR I = 1981 TO 1986

371 DO

37?2 READ R2Z

3723 FOR J = | TO 12

374 DO
373 READ MSL . PRODUCT10ON.NUMBER ]
376 IF MSL.PRODUCTION.NUMBER = @ CYCLE ALMWAYS
377 LET NUMBER.TO.SEND sTRUNC.F(MSL . PRODUCT 1 ON.NUMBER/4)
378 FOR K= 1 T0O 3
379 DO
3860 LET DAY = (KX7)+RANDI.F(-2,2,STREAM4)
5 381 SCHEDULE A SHIP.MISSILE(NUMBER.TO.SEND) AT
382 LOOP
383 SCHEDULE A SHIP.MISSILE(MSL .PRODUCTION .NUMBER-
NUMBER.TO.SENDX%3> AT DATE.F(J,28,I)
384 LOOP
N 385 LOOP
- 386 END
387
388
389

390 PROCESS SHIP.MISSILE(NUMBER)

391 DEFINE I,NUMBER,ENGINE AS INTEGER VARIABLES
392 DEFINE J AS A SAVED INTEGER VARIABLE

393 FOR I = 1 TO NUMBER

394 DO

393 ‘TRY.AGAIN’

396 IF PRODUCTION.POOL IS NOT EMPTY

< 397 REMOVE FIRST ENGINE FROM PRODUCTION.POOL
x 398 ELSE
e 399 WAIT 1 DAY
400 60 TRY.AGAIN
491  ALWAYS ,
) 402 ‘CK’
R 483 IF BASE.MISSILE.RGMT(J+1> > BASE.MISSILE.COUNTER(J+1)
S 484 CALL SHIP GIVING ENGINE ‘
. 405 SCHEDULE A DEPLOY(ENGINE,J+1) IN TRANSPORT.DAYS DAYS
406 ADD 1 TO BASE.MISSILE.COUNTER(J+1)
487  ELSE
; 408 ADD 1 TO J
N 189 60 CK
5 410  ALWAYS
= 411 LOOP

END
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417
418

419
420
421
422
423
424
4235
426
427
428
429

438
431
432

433

434
43S
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453

PROCESS ENGINE.PRODUCTION

DEFINE RZ AS A TEXT VARIABLE

DEFINE I,J,K,NUMBER.OF .ENGINES.TO.PRODUCE AS ;
INTEGER VARIABLES |
DEFINE DATE.TO.MAKE.ENGINE AS A REAL VARIABLE |
USE 15 FOR INPUT |
READ RZ |

FOR I = 1981 TO 1986

DO
READ RZ |
FOR J = 1 TO 12 |
Do i

READ NUMBER.OF .ENGINES.TO.PRODUCE
IF NUMBER.OF .ENGINES.TO.PRODUCE = @ CYCLE ALWAYS !
38/NUMBER.OF .ENGINES .TO.PRODUCE |
FOR K= 1 TO NUMBER.OF.ENGINES.TO.PRODUCE 1
DO |
ACTIVATE A CREATE.ENGINE IN DATE.F(J,1,DD+ ‘
DATE.TO.MAKE.ENGINE DAYS
ADD 30/NUMBER.OF .ENGINES.TO.PRODUCE TO
DATE.TO.MAKE . ENGINE
LOOP
LOOP
LooP |
END

PROCESS CREATE.ENGINE

CREATE AN ENGINE

LET ENGINE.ID.NUMBER(ENGINE) = ENGINE.SEQUENCE .NUMBER
LET TEST.STATUS(ENGINE) = NONE

LET TYPECENGINE) = 101

ADD 1 TO ENGINE.SEQUENCE .NUMBER

LET TYPE.SERVICEC(ENGINEY = LIMITED

CALL DATEC(ENGINE)

LET LOCATIONCENGINE) = LOC.PRODUCTION
FILE THIS ENGINE IN THE PRODUCTION.POOL
END
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ATy

436
437

439

4461
462

464
443

444

448
4469
470
473
474
473
474
477
478
479
480
481

483
4184
483

48?7
488
489
490
491
492
493
496
49?7
498
499
See
Se1
Se2
503
S04
565
3046
Se?
Jes
Se9
S1e

ROUTINE DATEC(ENGINE)

DEFINE ENGINE AS AN INTEGER VARIABLE

LET START.DATE(ENGINE) = INT.F(TIME.V)

IF RANDOM.F(STREAM2) < FAIL.RATE
LET DATE.EXPIRES(ENGINE> = TIME.V +
RANDOM . F(STREAM3) XTERM(TYPEC(ENGINE) -1080)
LET TYPE.SERVICE(ENGINE) = REPAIR
ACTIVATE A FAILURE.ACTIONCENGINE) AT
DATE .EXPIRES(ENGINE)

ELSE
LET DATE.EXPIRES(ENGINE) = TIME.V +
TERM(TYPECENGINE) -108)
ACTIVATE AN OVERDUE .ACTIONCENGINE) AT
DATE.EXPIRES(ENGINE) - TRANSPORT .DAYS

ALWAYS

LET RANK.DATECENGINE) = TERM(TYPECENGINE)-180) + TIME.V

END

PROCESS SCHEDULE.CONVERSION
DEFINE 1,J AS INTEGER VARIABLES
DEFINE RZ AS A TEXT VARIABLE
USE 17 FOR INPUT
READ RZ
FOR I = 1988 TO 1991
DO FOR J = { TO 12
ACTIVATE A CONVERT AT DATE.F(J,1,I)
LOOP
END

PROCESS CONVERT ,
DEFINE LIMITED.QUOTA,FULL.QUOTA AS INTEGER VARIABLES
USE 17 FOR INPUT

READ LIMITED.QUOTA,FULL.QUOTA

ADD LIMITED.QUOTA TO MAY.CONVERT( 1)

ADD FULL.QUOTA TO MAY.CONVERT(2

END

PROCESS TRANSPORT(MSL)
DEFINE MSL AS AN INTEGER VARIABLE
CALL ADD.TO.SPARE.COUNT GIVING MSL
IF TYPE.SERVICE(MSL) NE LIMITED
OR TIME.V < DATE.F(OPEN.MO,OPEN.DAY ,OPEN.YR)
OR N.X.WORK.STATIONC 1) /WILLIAMS.CAPACITY <
N.X.WORK.STATIONC2) /OCALC.CAPACITY
SCHEDULE A MAINTENANCE(MSL, 1) IN TRANSPORT.DAYS DAYS
ELSE
SCHEDULE A MAINTENANCE(MSL,2> IN TRANSPORT.DAYS DAYS
ALIWNAYS
CALL SHIP GIVING MSL
END

102
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312
513
3514
315
516
31?7
318
319
520
521
322
3523
324

3523
326
327
S26
329
S3e
331
332

PROCESS TEST(MSL)
DEFINE MSL AS AN INTEGER VARIABLE
LET SHIPPINS.STATUS(MSL) = NONE
FILE THIS MSL IN THE TEST.SET
IF TEST.STATUS(MSL) = EVIP
WAIT EVIP.TEST DAYS
ELSE
WAIT OTL.TEST DAYS
ALWAYS
IF MSL 1S IN TEST.SET
REMOVE THIS MSL FROM TEST.SET
IF TEST.STATUS(MSL) = OTL AND
RANDOM .F(STREAM1) D>= RECOVERY.FAILURE.RATE OR
TEST.STATUS(MSL) = EVIP
LET TYPE.SERVICE(MSL) = REFURB
ACTIVATE A TRANSPORT(MSL) NOW
ELSE
ADD 1 TO DESTROYED
ALWAYS
ALWAYS
END
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333
534
333
336
337
338
339
S40
S41
942
343
J44
543

546
347
S48
349
SSe
551
352
533
)
333
336
537
S38
339
560
361

362

964
5635
364

367

369
576
571
372
573

PROCESS OVERDUE.ACTION(ENGINE)
DEFINE ENGINE AS AN INTEGER VARIABLE
IF DATE.EXPIRES(ENGINE) NE INT.F(TIME.V) +TRANSPORT.DAYS
RETURN
ALWAYS
IF CLAIMCENGINE) = TAKEN
WAIT TRANSPORT.DAYS DAYS
ALWAYS
IF ENGINE IS IN ALERT.MISSILE.SET
LET STATUSC(ENGINE) = DUE
ADD 1 TO NUM.OVERDUE
CALL ADD.TO.SPARE.COUNT GIVING ENGINE
IF N.TAKE.SET = @ AND N.REPAIRED.SET(1) +
N.REPAIRED.SET(2) > @
ACTIVATE AN IN.ACTIONC8 ,ENGINE) NOW
ELSE
IF ENGINE 1S NOT IN TAKE.SET
FILE THIS ENGINE IN THE TAKE.SET
ALWNAYS
ACTIVATE AN IN.ACTION NOW
ALWAYS
ELSE
IF ENGINE IS IN REPAIRED.SET
CALL REMOVE.FROM.REPAIRED.SET(ENGINE>
ACTIVATE A MAINTENANCE(ENGINE, 1> NOW
ELSE
IF ENGINE IS IN PRODUCTION.POOL
REMOVE THIS ENGINE FROM THE PRODUCTION.POOL :
CALL SHIP GIVING ENGINE '
ACTIVATE A MAINTENANCE(ENGINE, 1> IN
TRANSPORT .DAYS DAYS
ELSE
IF SHIPPING.STATUS(ENGINE) = INTRANSIT
LET DATE.EXPIRES(ENGINE) = ARRIVAL.TIME(ENGINE) +
1 + TRANSPORT .DAYS
ACTIVATE AN OVERDUE.ACTIONCENGINE> AT
ARRIVAL . TIMECENGINE) + 1
ALIWAYS
ALWAYS
ALWNAYS
ALWAYS
END
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N 373
< 376
3727
S78
s?29
S8e
381
S82
383
384
383
386
387

S LAY

. 568
. 389
398
391
392
393
394
593
396
397
598
400
481
402
483
404

s

4035
486
487
408
409

618
412
" &14

615
416
617
2 618
819
420
q 621

622
\ 623

SV W

PROCESS FAILURE.ACTION(ENGINE>
DEFINE ENGINE AS AN INTEGER VARIABLE
IF DATE.EXPIRES(ENGINE) NE TIME.V
RETURN
ALWAYS
IF CLAIMCENGINE) = TAKEN
WAIT TRANSPORT .DAYS
ALWAYS
IF ENGINE IS IN ALERT.MISSILE.SET
LET STATUSC(ENGINE) = BROKE
ADD 1 TO NUM.BROKEN
CALL ADD.TO.SPARE.COUNT GIVING ENGINE
REMOVE THIS ENGINE FROM THE ALERT.MISSILE.SET
IF N.TAKE.SET = @ AND N.REPAIRED.SET(1) +
N.REPAIRED.SET(2) > @
ACTIVATE AN IN.ACTIONC®,ENGINE) NOW
ELSE
IF ENGINE 1S NOT IN TAKE.SET
FILE THIS ENGINE IN THE TAKE.SET
ALNAYS
ACTIVATE AN IN.ACTION NOW
ALWAYS
ELSE
IF ENGINE IS IN REPAIRED.SET
CALL REMOVE.FROM.REPAIRED.SET(ENGINE)
ACTIVATE A MAINTENANCEC(ENGINE, 1) NOW
ELSE
IF ENGINE IS IN PRODUCTION.POOL
REMOVE THIS ENGINE FROM THE PRODUCTION.POOL
CALL SHIP GIVING ENGINE
ACTIVATE A MAINTENANCE(ENGINE, 1) IN
TRANSPORT .DAYS DAYS
ELSE
IF ENGINE IS IN TEST.SET
REMOVE THIS ENGINE FROM TEST.SET
CALL SHIP GIVING ENGINE
ACTIVATE A MAINTENANCEC(ENGINE, 1) IN
TRANSPORT .DAYS DAYS
ELSE
IF SHIPPING.STATUSC(ENGINE) = INTRANSIT
LET DATE.EXPIRES(ENGINE) =
ARRIVAL . TIMECENGINE)Y + 1 + TRANSPORT.DAYS
ACTIVATE A FAILURE.ACTIONCENGINE) AT
ARRIVAL . TIMECENGINE) +1
ALWAYS
ALWAYS
ALWAYS
ALINAYS
ALWAYS
END
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N 424 PROCESS IN.ACTION(MSL ,FLAG)
s 425 DEFINE MSL,FLAG AS INTEGER VARIABLES
NN 626 IF FLAG > 100
27 GO OuUT
Y 428 ALWAYS
¢ 629 FOR EACH ENGINE OF TAKE.SET,WITH CLAIMCENGINE) NE TAKEN,
e, 430 FIND FLAG= ENGINE,
.§\- 431 IF FOUND
N 432 GO OUT
v 633 ALWAYS
o 634 IF EARLY.OVERHAUL.OK = YES
I 635 FOR EACH ENGINE OF ALERT.MISSILE.SET, WITH
e CLAIMCENSINE) NE TAKEN AND STATUSCENGINE) = NONE,
i FIND FLAG = ENGINE,
IF FOUND
) 437 60 OuT
e 438 ALWAYS
439 ALWAYS
< 440 IF MSL NE @
o 441 IF MSL 1S NOT IN REPAIRED.SET
o 442 FILE THIS MSL IN REPAIRED.SET(1)
443 ALWAYS
A 444 ALWAYS
N 445 RETURN
R 644 ‘0UT’
N 447 1IF MSL > 100
WA 448 GO 0OUT1
. 449 ALWAYS
o 458 IF N.REPAIRED.SET(1) IS >= N.REPAIRED.SET(2)
K, 851 AND REPAIRED.SET(1)> IS NOT EMPTY
Ay 452 REMOVE FIRST MSL FROM REPAIRED.SET(1)
N 633 ELSE
o 654 IF REPAIRED.SET(2) IS NOT EMPTY
5y 455 REMOVE FIRST MSL FROM REPAIRED.SET(2)
ot 456 ELSE
N 45?7 IF FLABG NOT IN TAKE.SET AND STATUS(FLAG) NE NONE
< 458 FILE THIS FLAG IN TAKE.SET
639 ALWAYS
o 460 RETURN
S 841  ALWAYS 1
- 662 ALWAYS
e 483 ‘0UT1’
V4 664 CALL SHIP GIVING MSL
665 LET CLAIM(FLAG) = TAKEN
3 666 ACTIVATE AN ENTER.BASE(MSL,FLAG) IN TRANSPORT.DAYS DAYS
. 667 END
- 648
-:.'\ 449
o
\..\
-
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PROCESS ENTER.BASE(ENGINE. IN,FLAG)
DEFINE ENGINE.IN,ENGINE.OUT,FLAG AS INTEGER VARIABLES
LET SHIPPING.STATUS(ENGINE.IN) = NONE
IF N.TAKE.SET = @
LET ENGINE.OUT = FLAG
LET CLAIMCENGINE.OUT) = NONE
GO START
ALWAYS
LET CLAIM(FLAG) = NONE
IF FLAG IS NOT IN TAKE.SET AND STATUS(FLAG) NE NONE
FILE THIS FLAG IN TAKE.SET
ALMWAYS
FOR EACH ENGINE OF TAKE.SET, WITH LOCATIONCENGINE) =
LOCATIONCFLAB) AND CLAIMCENGINE) NE TAKEN,
FIND ENGINE.OUT = ENGINE,
IF FOUND
GO START
ALWAYS
LET ENGINE.OUT = FLAG
’START’
IF TEST.STATUSC(ENGINE.QUT) = EVIP AND STATUSC(ENGINE.OUT)
NE BROKE
CALL SHIP GIVING ENGINE.OUT
ACTIVATE A TEST(ENGINE.OUT) IN TRANSPORT.DAYS DAYS
ELSE
ACTIVATE A TRANSPORT(ENGINE.OUT> NOW
ALWAYS
IF STATUS(ENGINE.OUT) = DUE
SUBTRACT 1 FROM NUM.OVERDUE
ELSE

IF STATUSCENGINE.OUT) = BROKE
SUBTRACT 1 FROM NUM.BROKEN
ALIWAYS
ALWAYS
* SWAP*
IF_ENGINE.OUT 1S IN TAKE.SET

REMOVE THIS ENGINE.OUT FROM TAKE.SET
ALWAYS
IF M.ALERT.MISSILE.SET(ENGINE.OUT) NE ©

REMOVE THIS ENGINE.OUT FROM ALERT.MISSILE.SET
ALWAYS
LET STATUS(ENGINE.OUT> = NONE
LET LOCATIONCENGINE.IN) = LOCATIONCENGINE.OUT)
FILE THIS ENGINE.IN IN THE ALERT.MISSILE.SET
END
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PROCESS DEPOT1.CAPACITY .SCHEDULE
DEFINE MONTH,DAY,YEAR,CAPACITY,O0LD AS INTEGER VARIABLES
LET OLD = 2900
/START’
USE 19 FOR INPUT
IF DATA IS NOT ENDED
READ CAPACITY,MONTH,DAY,YEAR
IF DATE.F(MONTH,DAY,YEAR) >= TIME.V
WAIT DATE.F(MONTH,DAY,YEAR) - TIME.V DAYS
RELINQUISH (200-0LD) UNITS OF WORK.STATIONC(1)
REQUEST (200-CAPACITY) UNITS OF WORK.STATION(C 1)
WITH PRIORITY
LET OLD = CAPACITY
ALMWAYS
GO TO START
ALWAYS
END

PROCESS DEPOT2.CAPACITY.SCHEDULE
DEFINE MONTH,DAY,YEAR,CAPACITY,O0LD AS INTEGER VARIABLES
LET OLD = 200
’START’
USE 21 FOR INPUT
IF DATA 1S NOT ENDED
READ CAPACITY ,MONTH,DAY ,YEAR
IF DATE.F(MONTH,DAY,YEAR) J>= TIME.V
WAIT DATE.F(MONTH,DAY,YEAR) - TIME.V DAYS
RELINQUISH (200-0LD) UNITS OF WORK.STATION(2)
REQUEST (280-CAPACITY) UNITS OF WORK.STATION(2)
WITH PRIORITY 1
LET OLD = CAPACITY
ALWAYS
60 TO START
ALWAYS
END
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737 PROCESS HALT

758 DEFINE 1,B82,02 AS INTEGER VARIABLES

739 START NEW PAGE

768 PRINT 2 LINES WITH LIFE.MAX THUS
! 761 THE MAXIMUM NUMBER OF SPARE ENGINES REQUIRED OVER THE
! 762 LIFE OF THE SYSTEM 1S XXXX

763 START NEW PAGE

7264 FOR 1 = @ TO END.YR - START.YR

763 DO

7668 1IF FRAC.F(1/3) = 8. START NEW PAGE ALWAYS

767 PRINT 1 LINE WITH (I+START.YR) THUS

AXAXJAN FEB MAR APR MAY JUN JUL. AUG SEP OCT NOV DEC
769 PRINT 1 LINE WITH SPARESC(IX%X12+1,1) ,SPARES(IX12+2,1),

770 SPARES(1X12+3, 1) ,SPARES(1X%12+4,1),

7?71 SPARES(I%X12+3, 1) ,SPARES(1X%12+6,1),

772 SPARES(1%X12+7,1) ,SPARES(1X12+8,1),

7273 SPARES(1%12+9,1) ,SPARES(I%12+10,1),
4 774 SPARES(IX12+11,1) ,SPARES(1I%12+12,1)
N THUS

773

; INC XXX XX XXX XX JXNX XX JHHX JHNE XHNE XXX XXX XXX
776 PRINT 1 LINE WITH SPARES(IX12+1,2) ,SPARES(1X%12+2,2),

X 777 SPARES(1%12+3,2) ,SPARES(1%12+4,2),
- 778 SPARES(1%12+3,2) ,SPARES(1%12+6,2),
779 SPARES(1%12+7,2) ,SPARES(1%12+8,2),
780 SPARES(1%12+9,2) ,SPARES(1X%12+10,2 ,
781 SPARES(1X12+11,2) ,SPARES(IX12+12,2)
THUS
782 TOT.REQ

XXX XIHK XAN KAK AKX XAN XXX XXNX KANX NANX HAXK XXX
1 783 PRINT 1 LINE WITH
' AVERAGE .AGE(IX12+1, 1) ,AVERAGE.AGE(1X12+2,1),

784 AVERAGE .AGE( I1%12+3, 1) ,AVERAGE .AGEC 1 %12+4, 1) ,
78S AVERAGE .AGE( 1 X12+5, 1) ,AVERAGE .AGEC1%12+6, 1),
786 AVERAGE .AGE( 1%12+7, 1) ,AVERAGE .AGE(1%12+8, 1) ,
787 AVERAGE .AGEC IX12+9, 1) ,AVERAGE .AGE(I%12+18, 1),
788 AVERAGE .AGE(1%12+11, 1) ,AVERAGE .AGEC I %12+12, 1)
y THUS
: 789 AGE101

NN HNR HHNE NHNE JHHNE JHNE KN JNNE XX XX XHX XHX
790 PRINT 1 LINE WITH
AVERAGE .AGE(IX12+1,2) ,AVERAGE.AGE(1X12+2,2),

: 791 AVERAGE .AGE(1%12+3,2) ,AVERAGE .AGE(1%12+4,2) ,
. 792 AVERAGE .ABGE( 1% 12+53,2) ,AVERAGE .AGE(I1%12+6,2) ,
793 AVERAGE .AGE( 1% 12+7,2) ,AVERAGE .AGE( 1%12+8,2) ,
. 794 AVERAGE .AGE( 1% 12+9,2) ,AVERAGE .AGE(1%12+10,2) ,
795 AVERAGE .AGE(I%12+11,2) ,AVERAGE .AGECI%¥12+12,2)
THUS
796 AGE104

XXX NME AR NANX EHE HAEX XXX XAX XXX XXX XXX XXX
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797

799
8ee
ge1
ge2
863
804
803

8046
g8e7z

ges
g8e9
810
811
812
813

814
8135

816
81?7
818
819
826

7+ PROCESS HALT CONTINUED
PRINT 1 LINE WITH
MAINTENANCE .RECORD(I%12+1,1),
MAINTENANCE . RECORD(I%12+2, 1),
MAINTENANCE . RECORD(I1%12+3, 1),
MAINTENANCE . RECORDC I %12+4, 1),
MAINTENANCE . RECORDC 1% 12+5, 1) ,
MAINTENANCE . RECORD(I%12+6, 1),
MAINTENANCE . RECORD( I %12+7,1) ,
MAINTENANCE . RECORD( I %12+8,1) ,
MAINTENANCE . RECORD(1%12+9,1) ,
MAINTENANCE . RECORD(I%12+10, 1),
MAINTENANCE .RECORDC I %12+ 11, 1) ,
MAINTENANCE .RECORD(I%12+12,1) THUS
MINORS
XXX XN NN NN X NN IO EXE NN NN XNX XXX
PRINT t LINE WITH
MAINTENANCE .RECORD(1%12+1,2) ,
MAINTENANCE . RECORD( 1% 12+2,2) ,
MAINTENANCE .RECORD( 1%12+3,2),
MAINTENANCE .RECORD( 1% 12+4,2) ,
MAINTENANCE . RECORDC 1% 12+5,2) ,
MAINTENANCE .RECORD( I %12+6,2) ,
MAINTENANCE . RECORD( 1%12+7,2) ,
MAINTENANCE . RECORD( 1% 12+8,2) ,
MAINTENANCE . RECORDC 1% 12+9,2) ,
MAINTENANCE . RECORD( I X12+18,2) ,
MAINTENANCE .RECORD( I1%12+¢11,2) ,
MAINTENANCE .RECORD(1%12+12,2) THUS
MAJORS
XXX XXX XXX XX HEX NN NN EXN AN EXX XAN XXX
PRINT 1 LINE WITH
MAINTENANCE .RECORD(1%12+1,3) ,
MAINTENANCE . RECORD(1%12+2,3) ,
MAINTENANCE . RECORD(1%12+3,3) ,
MAINTENANCE .RECORD( 1% 12+4,3) ,
MAINTENANCE . RECORD( 1% 12+5,3) ,
MAINTENANCE .RECORD(1%12+6,3) ,
MAINTENANCE . RECORD( 1%12+7,3) ,
MAINTENANCE .RECORD(1%12+8,3) ,
MAINTENANCE . RECORD(1%12+9,3) ,
MAINTENANCE . RECORD( I %12+18,3) ,
MAINTENANCE . RECORDC I %12+11,3) ,
MAINTENANCE .RECORD( I1%12+12,3) THUS
UNSCHD
XX RN XXX JIOE X XN XXX OEXN XXX XX XXX XAX
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821

822
823

824
823
826
827
828
829

830
831

832
833
834
835
836

837
838
839

840
841
842
843

844
845
846
847
848
849
850
8351
852
833
854
833

St Ll
RN,

2+ PROCESS HALT CONTINUED

PRINT 1 LINE WITH
MAINTENANCE . RECORDCI%12+1,4) ,
MAINTENANCE .RECORD(1%12+2,4) ,
MAINTENANCE .RECORD( 1%12+3,4) ,
MAINTENANCE .RECORD( 1% 12+4,4) ,
MAINTENANCE .RECORD( 1% 12+5,4) ,
MAINTENANCE . RECORDC I%12+6,4) ,
MAINTENANCE . RECORD(1%12+7,4) ,
MAINTENANCE . RECORD( I X12+8,4) ,
MAINTENANCE .RECORD( I %12+9,4) ,
MAINTENANCE . RECORD(1%12+18,4) ,
MAINTENANCE .RECORDCI%12+11,4) ,
MAINTENANCE .RECORD(1%12+12,4) THUS
REFURB

XXX XXX EEX XXX XN JOEX XX XNX XX XAX XEX XXX
PRINT 2 LINES WITH
*IAINTENANCE . RECORDC I %12+1,5) ,
MAINTENANCE .RECORD( I %12+2,5) ,
MAINTENANCE .RECORD(1%12+3,5) ,
MAINTENANCE .RECORD( 1% 12+4,5) ,
MAINTENANCE . RECORD( 1X12+5,5) ,
MAINTENANCE .RECORD( 1% 12+6,5) ,
MAINTENANCE .RECORD( 1%X12+7,5) ,
MAINTENANCE .RECORD( 1% 12+8,5) ,
MAINTENANCE .RECORD( 1 %12+9,5) ,
MAINTENANCE .RECORD( I%12+18,5) ,
MAINTENANCE .RECORD(IX12+11,% ,
MAINTENANCE .RECORDCI1%12+12,5) THUS
CONVER

XXX XEX NN XXX XN X NN XX XEX XXX XXX XXX

LOOP
LET B2 = TRUNC.F(BROKENUM/2)
LET 02 = TRUNC.F(OVERNUM/2)
PRINT S5 LINES WITH B2,BROKESUM/B2,BROKESUM THUS
XXXXXX MISSILES WERE BROKEN AT DEPLOYMENT BASES THROUGH-
OUT THE LIFE OF THE SYSTEM. THEY AVERAGED XXX.X%X DAYS
ON BASE (BROKEN) BEFORE BEING REPLACED FOR A TOTAL OF
XXXXxX.%XX DAYS IN INOPERABLE STATUS.

PRINT 4 LINES WITH 02, OVERSUM/02 - TRANSPORT.DAYS,
OVERSUM - 02 %X TRANSPORT.DAYS THUS

XXX%X%X%¥ MISSILES WERE KEPT IN A DEPLOYED STATUS PAST
THEIR WARRANTED LIFE THROUGHOUT THE LIFE OF THE SYSTEM.
THEY AVERAGED XXX.XX DAYS ON BASE (OVERDUE) BEFORE
BEING REPLACED FOR A TOTAL OF XXxxXX%x.X%XX DAYS OVERDUE.
STOP

END
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8356 PROCESS MONTHLY.STATISTICS

837 DEFINE LAST1 AS A SAVED INTEGER VARIABLE

838 DEFINE DIVISOR.1,DIVISOR.4 AS INTEGER VARIABLES
839 DEFINE TOTAL.1, TOTAL.4 AS REAL VARIABLES

868 ADD 1| TO COUNT

861 LET DIVISOR.! = © LET DIVISOR.4 = @

862 LET TOTAL.1 = 0 LET TOTAL.4 = @

863 FOR EACH ENGINE OF ALERT.MISSILE.SET

864 DO

865 IF TYPECENGINE) = 101

864 ADD 1 TO DIVISOR.1

867 ADD TIME.V-START.DATE(ENGINE) TO TOTAL.! -
868 ELSE ‘'’ 104

849 ADD t TO DIVISOR.4

g7e ADD TIME.V - START.DATE(ENGINE) TO TOTAL.4

871 ALWAYS 1
872 LOOP

873 1F DIVISOR.1 = @  LET DIVISOR.1 = 1  ALWAYS

874 IF DIVISOR.4 = @  LET DIVISOR.4 = 1  ALWAYS

875 LET AVERAGE.AGE(COUNT,1) = TRUNC.F(TOTAL.1/DIVISOR. 1)
876 LET AVERAGE.AGE(COUNT,2) = TRUNC.F(TOTAL.4/DIVISOR.4®
877 LET SPARES(COUNT,2) = MAX.PER.MONTH

878 IF LIFE.MAX - LAST1 > @

879 LET SPARES(COUNT,1) = LIFE.MAX - LAST1

880 LET LAST1 = LIFE.MAX

881 ALWAYS

882 RESET MONTHLY TOTALS OF NUM.SPARE

883 END

884

885

886 ROUTINE SHIP(MSL)

887 LET ARRIVAL.TIME(MSL) = TRUNC.F(TIME.V) + TRANSPORT.DAYS
888 LET SHIPP.STATUS(MSL) = INTRANSIT

889 RETURN

898 END

891

892

893 PROCESS DEPLOY(MSL ,BASE)

894 DEFINE MSL,BASE AS INTEGER VARIABLES

895 LET LOCATIONC(MSL) = BASE + 2 -
896 LET SHIPPING.STATUS(MSL) = NONE

897 FILE THIS MSL IN THE ALERT.MISSILE.SET
898 END |
899

990

981

992 ROUTINE ADD.TO.SPARE .COUNT(MSL)
983 1F SPARE.STATUS(MSL) NE SPARE
984  ADD 1 TO NUM.SPARE

985 LET SPARE.STATUS(MSL) = SPARE
986 ALWAYS

987 RETURN

988 END
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911 ROUTINE SUBTRACT.FROM.SPARE.COUNT(MSL)
912 IF SPARE.STATUS(MSL) = SPARE
913  SUBTRACT 1 FROM NUM.SPARE
914 LET SPARE.STATUS(MSL) = NONE
?135 ALWAYS
916 RETURN
917 END
?18
?19
920
921 ROUTINE REMOVE.FROM.REPAIRED.SET(MSL)
922 DEFINE MSL, ENGINE AS INTEGER VARIABLES
923 FOR EACH ENGINE OF REPAIRED.SET(1),
924 WITH ENGINE.ID.NUMBER(ENGINE) = ENGINE.ID.NUMBER(MSL),
925 FIND THE FIRST CASE,
IF FOUND
926 REMOVE THIS ENGINE FROM REPAIRED.SET(D)
927 RETURN
928 ALWAYS
929 FOR EACH ENGINE OF REPAIRED.SET(2 ,
930 WITH ENGINE.ID.NUMBER(ENGINE) = ENGINE.ID.NUMBER(MSL),
931 FIND THE FIRST CASE,
IF FOUND
932 REMOVE THIS ENGINE FROM REPAIRED.SET(2)
933 RETURN
934 ALWAYS
935 END

END OF PROGRAM LISTING
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‘$§ Appendix F: Explanation of Program Terms

\t

-f§ Refer to APPENDIX E: Program Listing for the context in
ﬁb which the following terms are used. Words appearing in all
o CAPITALS are names used in the program.

.-\'.

)

i% Arrays

.::;.

e

e AVERAGE .AGE - Stores the average age of all engines on alert
N by type, 181 or 104.

'Sﬁi MAINTENANCE.RECORD - Stores the number of each type of depot

. service (FULL, LIMITED, etc.)> accomplished at each depot.

= MAY .CONVERT ~ The cumulative number of conversions scheduled

. per month for both limited and full service overhauls.

i} SPARES - Stores the maximum number of spare engines required
NN by the system for each month.

RN

TERM - Stores the length of warranty for each type of
. engine.

AN
o WORK.STATIONS. IN.USE - Stores the total number ot
2 WORK.STATIONs in use at each depot at any given time.
=
,

- Attributes of Each Engine

Tn

o

ﬁ% ARRIVAL.TIME - The date an engine should arrive at the next
.' process after being shipped.

3 1
L CLAIM - ldentifies an engine as being previously selected
L for a process, such as a test or exchange.
"% DATE.EXPIRES - The end of an engine’s warranted lifetime or
T} date of random failure.

:ij ENGINE.ID.NUMBER - A unique identification for each engine.
L

s LOCATION - Indicates where the engine is: at a base, depot,
5& production, etc.

Q RANK.DATE - Date used to establish an engine’s priority over
i; other engines for selection for testing or early overhaul.
A0

o
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SHIPPING.STATUS - Indicates if the engine is INTRANSIT
(being shipped from one location to another) or not.

START.DATE - Date engine’s current warranted period begins.

SPARE.STATUS - Indicates if an engine is being used as a
spare engine (while it is being processed in MAINTENANCE,
TEST, TRANSPORT, etc). '

STATUS - Shows if an engine is serviceable (NONE), requires
servicing (DUE), or has failed (BROKE).

TEST.STATUS -~ Indicates the type of test an engine will
undergo (NONE if not selected for testing).

TYPE ~ Indicates what model the engine is, F107-161 (181) or
F167-184 (164).

TYPE.SERVICE - Shows what type of servicing is required
next: FULL overhaul, LIMITED overhaul, REFURBishment after a
test, REPAIR due to a failure, or CONVERSION if an engine
will be converted from a 181 to a 104.

Permanent Entities

BASE - Six bases are in the original design with attributes
of BASE.MISSILE.COUNTER and BASE.MISSILE.RGMT. These at-
tributes are used to record the number of missiles actually
at each base and the number required for each base.

DEPOT - Two depots, each with their own pool of repaired,
serviceable engines called a REPAIRED.SET.

Processes

CONVERT -~ Reads input values from an external file (SIMU1?)
which are the quota of engines the system MAY.CONVERT each
month during the conversion period.

CREATE.ENGINE - Creates new entities (engines) and assigns
values to their attributes, Places the engines in the
PRODUCTION.POOL .

DEPLOY - Updates an incoming missile’s location to the cor-

rect base and places it in that base’s ALERT.MISSILE.SET.
Activated for a missile’s initial deployment and for return-
ing a REFURBished OTL test missile to its correct base.
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DEPOT1.CAPACITY.SCHEDULE, DEPOT2.CAPACITY.SCHEDULE - Gives
the program operator the capability to vary the number of
WORK.STATIONs available at each depot. The number of sta-
tions can be adjusted on any date desired by reading the
date and amount of capability from input files (SIMU19 and
sSIMuU21) .

ENGINE.PRODUCTION - Reads the NUMBER.OF.ENGINES.TO.PRODUCE
from an input file <(SIMU1S) and activates the process
CREATE.ENGINE to produce the designated number each month.

ENTER.BASE - Controls the entry and exit of engines to and
from the base. Verifies the priority of selections made by
IN.ACTION by reviewing the TAKE.SET. Activates processes
depending on whether the outgoing engine is scheduled for a
TEST or MAINTENANCE. Updates the number of engines broken
or overdue as needed. Removes the outbound engine from base
sets. Assigns the old engine’s base location to the new
engine and places the new engine in the ALERT.MISSILE.SET.

FAILURE.ACTION - Activated by the DATE routine. Processes
engines which have failed. Reviews the ALERT.MISSILE.SET,
TAKE.SET, or PRODUCTION.POOL as required to remove the
failed engine from the set and schedules an IN.ACTION or
MAINTENANCE as appropriate. Updates the engine’s attributes
to reflect this processing. It also changes system vari-
ables, such as NUM.BROKEN, to reflect a failure.

HALT - Prints the final report of the system’s performance.
Lists the spares used and each type of maintenance performed
by year and month. Reports on the number of missiles broken
in the simulation and the time it took to replace them.
Reports the number and average time on alert;, past the war-
ranted time, for overdue engines.

IN.ACTION - Activated by a need for an engine or the availa-
bility of one. Tries to match a need with an available
spare engine. Searches the TAKE.SET to see if it contains
an engine needing to be changed out. 1¥ an engine at the
base needs to be exchanged the REPAIRED.SETs are checked for
the availability of spares. ENTER.BASE is activated if a
match is found.

MAIN - Initiates program activity. Reads initial values for
variables from input files SIMU7 and SIMUY. Dimensions the
arrays and provides the appropriate number of DEPOTs, BASEs,
and WORK.STATIONSs. Schedules the processes that begin the
simulation.

MAINTENANCE - Records the TYPE.SERVICE in the
MAINTENANCE.RECORD. Determines if the engine should be con-
verted and if the conversion service is available. Uses a
WORK.STATION for the required amount of time and updates the
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TYPE.SERVICE due for its next servicing. Releases the
WORK .STATION and updates the engine’s dates and
SPARE.STATUS. Notifies the SYSTEM of a spare engine availa-
bility and schedules exchange processes as appropriate, or
places the repaired engine in the depot stock.

MISSILE.PRODUCTION -~ Reads the missile production schedule
from an input file (SIMULID). Schedules a SHIP.MISSILE to
send the missiles to each base.

MONTHLY.STATISTICS - Computes and records the AVERAGE.AGE of
the 101 and 104 type engines and various other system
statistics. Records the number of SPARES used for the month
and the total used for the life of the system.

OVERDUE.ACTION - Removes the engine from ALERT.HISSILé.SET,
REPAIRED.SET, or PRODUCTION.POOL. Records the STATUS as DUE
and schedules an IN.ACTION or MAINTENANCE as needed.

SCHEDULE.CONVERSION -~ Activates CONVERT processes each month
during the conversion period.

SHIP.MISSILE - Selects engines for shipment from the
PRODUCTION.POOL . Schedules the process DEPLOY until the
BASE.MISSILE.COUNTER quantity for each base matches that
base’s BASE.MISSILE.RGMT.

SPARE .ENGINE .GENERATION - Produces the spare engines for the
system and assigns initial values to their attributes.
“Creates" engines at the rate of five per month until the
NUMBER.SPARES to be created is reached. Places the engines
in the REPAIRED.SET for depot 1 unless an immediate need is
found, in which case the process IN.ACTION is activated to
satisfy that need.

TEST - Places the engine in the TEST.SET while the test is
in progress. The length of time in the TEST.SET depends on
the type of test performed. After testing, the TYPE.SERVICE
is set to REFURB with the exception of unrecovered OTL
missiles, which are simply destroyed.

TEST.GENERATION - Reads the type and date of each test from
an input file (SIMU11) and schedules the process TEST.PICK
as required.

TEST.PICK - Selects, for each test, the engine from the
ALERT .MISSILE.SET which is furthest past its warranty expi-
ration date, or if none is past, the engine closest to its
warranty expiration date. Engines picked for EVIP tests are
processed through IN.ACTION to locate a spare engine to take
their place at the base. The engine’s STATUS and
SPARE.STATUS are updated as needed. Missiles picked for OTL
tests are scheduled for a TEST at this time.
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TRANSPORT - Updates the SPARE.STATUS, then schedules the
engine for MAINTENANCE at the appropriate depot.

Routines

ADD.TO.SPARE.COUNT - Records an increase in the number of
spares needed (NUM.SPARES) and updates the SPARE.STATUS
attribute of the engine.

DATE - Assigns a START.DATE, a DATE.EXPIRES, and a RANK.DATE
to each engine. Schedules a FAILURE.ACTION or an
OVERDUE.ACTION on the basis of a random number generated by
the system. 14 this number is less than the FAIL.RATE, the
engine will fail early. For a failed engine, the
DATE.EXPIRES is a random percentage of the warranted
lifetime.

REMOVE .FROM.REPAIRED.SET ~ Locates the desired engine in the
REPAIRED.SET at one of the depots and removes it.

SUBTRACT .FROM.SPARE .COUNT - Records a decrease in the number

of spares needed (NUM.SPARES) and updates the SPARE.STATUS
attribute of the engine.

Sets

ALERT .MISSILE.SET - Contains missiles which are in opera-
tional use at a base.

PRODUCTION.POOL - Missiles are stored in this set wuntil
deployed to a base.

TAKE.SET - Maintains, in priority order, those engines which
need to be exchanged but can’t because a spare is not im-
mediately available.

TEST.SET - Keeps track of engines during testing.

Yariables

CONVERT .DAY, CONVERT.MO, CONVERT.YR - The date 101 to 104
conversions begin.
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ﬁ CONVERSION.TIME, FULL.TIME, LIMITED.TIME, REFURB.TIME - The
~ amount of time required to complete depot maintenance for
2 each type of service.
i COUNT - A counter used as a subscript in various arrays to
. indicate which month of the simulation is being recorded.

; DAY .CONVERSIONS.END, MO.CONVERSIONS.END, YR.CONVERSIONS.END
N - The date at which conversions (under ideal conditions)
L should be finished.

N DESTROYED - Records the number of engines destroyed due to
N testing.

N
N EARLY.OVERHAUL.OK -~ A capability to allow engines which have
. not completed their warranted time on base to be serviced
\ early. This could result in smoother depot work 1loads.
'} This capability is not used in the initial simulation.

j END.DAY, END.MO, END.YR - The ending date of the simulation.
) ENGINE.SEQUENCE.NUMBER - Maintains the ENGINE.ID.NUMBER of
N the last engine produced. Used to sequence the
ﬁ ENGINE.ID.NUMBERs as engines are produced.

EVIP.TEST, OTL.TEST - The length of time required for EVIP

. and OTL testing.

. FAIL.RATE - Percentage of engines which will fail at some
< point in their warranted lifetime.

‘ FULL.TIME - See CONVERSION.TIME.

- LIMITED.TIME - See CONVERSION.TIME.

J
;
)
4
.
‘I

MONTH.CONVERSIONS.END - See DAY.CONVERSIONS.END

NUMBER.BASES -~ The number of bases where ALCMs are deployed
in the simulation.

NUMBER.SPARES - The number of spare engines provided to
support the system.

NUM.BROKEN, NUM.OVERDUE, NUM.SPARE - Stores the number of
engines that are currently broken, overdue, or being used as
or requiring a spare.

OCALC.CAPACITY, WILLIAMS.CAPACITY - The number of work sta-
tions established at the depots. This is the number of
engines that can be serviced by the depot at the same time.

OPEN.DAY, OPEN.MO, OPEN.YR - The date Oklahoma City ALC
(OCALC> begins depot operations.
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OTL.TEST - See EVIP.TEST

RECOVERY.FAILURE.RATE -~ Percentage of OTL test launches
which are not recovered.

REFURB.TIME - See CONVERSION.TIME

START.DATE - The date at which an engine begins its war-
ranted lifetime.

START.DAY, START.MO, START.YR - The beginning date of the
simulation.

STREAM1, STREAM2, STREAM3, STREAM4, STREAMS - Values used to
initialize the random number streams.

TOTAL .MONTHS - The number of months the simulation runs.

TRANSPORT.DAYS -~ The number of days required to transport an
engine from one location to another.

WILLIAMS.CAPACITY - See OCALC.CAPACITY
YR.CONVERSIONS.END - See DAY .CONVERSIONS.END
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Appendix G: Sample Verification Process

. This appendix contains one example of the procedure
. used by the authors to verify the correct operation of the
! SIMSCRIPT model. Page 125 shows one of the PROCESSes
(ENTER.BASE) from a modified program used for verification.
N This PROCESS, as did all the others, had verification state-
ments inserted in various places. These verification state-
: ments were designed to monitor appropriate variables (those
3 that affected the program’s logic decisions) both before and
after the processing of a specific engine. Examination of
system variables and engine attributes at PROCESS initiation
can tell the modeler what direction the engine should take
at each decision point, if the model operates as planned.
I1f the engine actually followed the correct path through the
PROCESS, certain system variables and engine attributes
would be changed. An examination of these variables and
attributes at the end of the PROCESS will reveal if the
correct changes have been made. Noting the correct changes
verifies the operation of that portion of the PROCESS.
Prior to the verification runs, another modified pro-
Qram was run which *captured® and printed the
ENGINE.ID.NUMBER(s) of those engines passing through each
possible "logic path" of the model. These engines were
subsequently traced through the model by the verification

program to determine the model’s correct operation through

121

3 Y 1WA T T A W T C O T N O D N AN OO AN



-y -
? -
af 4

AN
DO

Y

A A TR TN

the logic paths taken by each engine. Enough engines were
traced to verify the correct operation of all possible logic
paths and path combinations.

This analysis did uncover several minor logic errors in
the model. These errors were then corrected and more veri-
fication runs made on those logic paths, verifying their
correct operation.

The example presented traces éngino number 911 (memory
location 186373) as it is being removed and replaced from an
operational missile; in preparation for a 1imited overhaul,
after exceeding its warranted lifetime on base. Line number
4 of ENTER.BASE calls the routine MISTEAK which examines the
engine to determine if it is the one being traced (i.e.,
ENGINE.ID.NUMBER = 911), I1¢ it is, MISTEAK prints out a
list of system variables and ongino‘attributos (see lines 1~
44 on page 124) and a code (see line 464 on page 124
identifying the calling statement’s location in the program.
This procedure is repeated (see lines 1-47 on page 128) in
line 352 of ENTER.BASE, giving the modelier a “before® and
"after® picture of the system.

As seen from the initial variable list on page 124,
N.TAKE.SET ( the number of engines in the TAKE.SET) is equal
to zero. With proper operation, lines 7-9 of ENTER.BASE
should be processed transferring control to line 29. This
operation is verified by observing the assignment of 186373
(the memory location of FLAG) to ENG.OUT, allowing ENG.OUT
to trigger routine MISTEAK in line 352 of ENTER.BASE. Line 8
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has also correctly changed engine 911’s CLAIM attribute from
78 (TAKEN) to 4086 (NONE). If the alternate path in
ENTER.BASE (lines 11-28) had been incorrectly taken, a veri-
fication statement in line 23 would have printed out, which
did not happen.

The initial values of ?11’s attributes TEST.STATUS (480
= NONE) and STATUS (4180 = QVERDUE), indicate that the engine
should bypass statements 31 and 32 and activate statement 34
of ENTER.BASE. This action was verified by cbserving the
activation of the process TRANSPORT with engine 9?11, immedi-
ately after the end of the ENTER.BASE process. Statement 37
was verified by observing the change in the number of en-
gines listed as overdue (NOVERDUE)> from 2 to 1, and observ-
ing no change (8 to 8 in the number of broken engines
(NBROKEN) . Line 47’s operation was verified by observing
the change in 911’s ALERT .MISSILE.SET membership from { (in
the set) to 9 (not in the sebt). Finally, line 49 was veri-
fied by observing the change in 911‘’s STATUS from 610
(OVERDUE) to 488 (NONE).
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VARIABLES BEFORE PROCESSING

-
'l"
g

.
I
_ i

’

Sp

P2
-

"MH..‘.I.II......I.....'.....‘l........l..ll.z

DEPml MIT GUEUE...l.ll....l..‘..l'..ll.l'...l‘
DEszmIT QUEUEI.....I...l..lll....‘l..l'.lllo
ENGINES BEING SERVICED BY DEPOT1...cccovcccces.18
ENGINES BEING SERVICED BY DEPOT2..:.c0cccccc000.0
REPAIRED ENGINES AVAILABLE, DEPOTl..cccccse:c..88
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e REPAIRED ENGINES AVAILABLE, DEPOT2...c00c0sc:4.0
}_.- NUMBER OF ENGINES BEING TESTED..:cccesscsvcscssa? i

NmaER OF melNEs m ALERT. LI L BE BN BN BN BN BN BN BN BN BN BN BE X BN BN BN B ) 1525
10 NUMBER OF SPARE ENGINES REQUIRED....cccevesves.28
OF mGINEs lN TAKE.SH' LI R B BN BN BN BN BN BN BN BN BN B NN .o

OF mGINES BROKm' LA B BN B AR BE BN BN BN BN BN BN BN BN BN BN BN B BN NN lo

13 WR OF B‘GINES WERDUE. a8 0200002208000 a0 l2

OF LIMITED CONVERSIONS AVAILABLE........0

13 NUMBER OF FULL CONVERSIONS AVAILABLE....ccscc..9 !

Py ‘
LT

[
[4
Ay
-
[
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s
[ | . d
SWN
Z22Z2Z
1t
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-
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‘s PRocEss NmBER..I.........I.4
19 SIMULATION TIME....cccccs...1880
20 LIFETIMES DATED.ccccsccsses.2818
21 NUMBER FAILED..c.ccccccces.406
22 NUMBER DESTROYED:..cccccccs.18
23 JTA’S DESTROYED::scesessces 16

- 26 ATTRIBUTES OF ENGINE CALLED ENG:
‘:': 27 ARRiUﬁL.DﬁTE...............--.1293
:‘ 28 CLA,"..lunnncno...n.on--nnnoua?'
Aty 29 ENGINE-ID.NWBER.--.-...---.--911
- 30 EXPIRATION.DATE.....cccc......1888

. 31 LOCATIW..-.-......--.........3
:.-.‘ 32 M.DATE----.....---.........1880
*::'. 33 SHIPPING.STATUS.-.----...-.---3'0
\:': 34 STQRT-DATE-.....-----.....----967
33 SPARE.STATUS....ctcccccacscss.6350
-‘_' 36ﬁATUs..'.........'.......‘..'610
‘-: 37 TEM.HATUS‘....‘.'.....'.....6'.
.j-:::' 38TYPEI.l-ll!l.Otl-l..l.'..'.ll.lol
.;"-j 39 WPE.SEWICE-.........l.......loo
~ 40 IN PRODUCTION POOL?..ccccecec.s.0
. 41 IN TEST.SET?.vcccsccrerccansasd
el 42 IN REPQIRED-SET?..---.........9
f:"i 43 IN TﬁKE-sn?.'...'....I.I.....a
-3y 44 IN ALERT.MISSILE.SET?.....c0c00.1

oo 46 DEBUG LOCATION.....cc0c0cee..33
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PROCESS ENTER.BASE(ENG.IN,FLAG)
DEFINE ENG.IN,ENG.OUT,FLAG AS INTEGER VARIABLES
CALL MISTEAK(ENG.IN,32)
CALL MISTEAK(FLAG,33)
LET SHIPPING.STATUSCENG.IN) = NONE
IF N.TAKE.SET = @
LET ENG.OUT = FLAG
LET CLAIMCENG.OUT) = NONE
G0 START
18 ALWAYS
11 LET CLAIMC(FLAG) = NONE
12 IF FLAG IS NOT IN TAKE.SET AND STATUSCFLAG) NE NONE
13  FILE THIS FLAG IN TAKE.SET
ALWAYS
FOR EACH ENGINE OF TAKE.SET, WITH LOCATIONCENGINE) =
LOCATIONCFLAG) AND CLAIMCENGINE) NE TAKEN, FIND ENG.OUT =
17 ENGINE, IF FOUND
18 IF ENGINE.ID.NUMBERCENG.OUT) = INNUM
FOR EACH ENGINE OF TAKE.SET, UNTIL ENGINE = ENG.OUT
20 DO
21 PRINT 1 LINE WITH ENGINE.ID.NUMBER(ENGINE) ,
22 LOCATIONCENGINE) , CLAIMCENGINE) THUS
23 #4 EID XXXXXXX LOC XXXX CLAIM XX%X
LOOP
25  ALWAYS
26 GO START
27 ALWAYS
28 LET ENG.OUT = FLAG
*START’
30 IF TEST.STATUSC(ENG.OUT)=EVIP AND STATUS(ENG.OUT) NE BROKE
- 31 CALL SHIP GIVING ENG.OUT
’ 32 SCHEDULE A TEST(ENG.OUT> IN TRANS.DAYS DAYS
' 33 ELSE
34 SCHEDULE A TRANSPORT(ENG.OUT) NOW
35 ALWAYS
36 IF STATUSC(ENG.OUT) = DUE
37 SUBTRACT 1 FROM NOVERDUE
38 ELSE
39 IF STATUSCENG.OUT) = BROKE
49 SUBTRACT 1 FROM NBROKEN
41  ALWAYS
42 ALWAYS
: 43 IF ENG.OUT 1S IN TAKE.SET
: 44 REMOVE THIS ENG.OUT FROM TAKE.SET
‘ 45 ALWAYS
46 IF ENG.OUT 1S IN ALERT.MISSILE.SET
47 REMOVE THIS ENG.OUT FROM ALERT.MISSILE.SET
2 48 ALWAYS
N 49 LET STATUSC(ENG.OUT) = NONE
o S0 LET LOCATIONCENG.IN) = LOCATIONCENG.OUT)
¢ S1 FILE THIS ENG.IN IN THE ALERT.MISSILE.SET
S2 CALL MISTEAK(ENG.IN, 34 CALL MISTEAK(ENG.OUT,3%)
S3 END
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VARIABLES AFTER PROCESSING

MMH...........‘.l.I.....ll.......'.....llll.l2

DEPml MIT GUEUE‘.I....-..-...'.....I.....I'..o
DEsz MIT QUEUE..'I'..’ll.l'...'..'lll......l'
ENGINES BEING SERVICED BY DEPOTl.cccoceccsceecss18
ENGINES BEING SERVICED BY DEPOT2..ccccs0scccaecs
REPAIRED ENGINES AVAILABLE, DEPOTl.cccccccse...88
REPAIRED ENGINES AVAILABLE, DEPOT2...ccc0cvcee.0
NUMBER OF ENGINES BEING TESTED:ccccoscovasccsee?
NmBER OF mBINEsmALEml-..l.-....-'...l'llllszs
NUMBER OF SPARE ENGINES REQUIRED....:cscccvese.28
NUMBER OF ENGINES IN TAKE.SET.ccvcecccscacecass®
NUMBER OF ENGINES BROKEN...ccocscacscccssscaccsl
NmBER OF mB!NEs WERDUE-.l.........l.....l...l
NUMBER OF LIMITED CONVERSIONS AVAILABLE..ccc...0
NUMBER OF FULL CONVERSIONS AVAILABLE..cccsccss.0

PROCESS Becoeonssvensnesnsena’
SIMULATION TIME.cccoccssees. 1880
LIFETIMES DATED.:.ccscssecass.2818
NUMBER FAILED:ccccccccesssa486
NUMBER DESTROYED.:¢c¢cecoee..18
nA’s DEmeED..'........“

L 2

ATTRIBUTES OF ENGINE CALLED ENG:
ARRIUAL L] MTE [ B L BN BN BE BN RY BE BN BN BN BN BN BN OB BN BN 1293
CLAIM............-II.......II.‘.‘
ENGINE.ID.NUMBER..ccocsenceesa?ll
aPImTlmlmTEll LI B B BN BN BN BN BN BN BN BN BN ‘seo
LomTIm..........I.l.'.......a
WKCMTE.....I....'....‘ll...lese
SHIPPING.STATUS . c.ccveecccces 600
ﬂm.mTElll........l."..l..947
SPARE L] wATUS LR B B B BN BN BN BN BN B B BN BN BN NN BN AN ) 65.
wATUs....I."I.I...‘.l.l.'lll“e
TEW'STATUS. e 8 8 0 & 8808008488 I.‘.O
WPE....-..lllll....l....l....!‘l
TYPE.SERVICE..ccecvcovcscacees.100
IN PRODUCTION POOL?..cceccecesB

IN TESTISn?.I.'.ll.'lll.lll.lo

IN REPAIRED.SET?ccecsccsncscedd

IN TAKE.SH?'l.'...l......l.l.o

IN ALERT .MISSILE.SET?.ccv0ces.0

DEBUG LOCATION.:.cccocsacsee3F
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